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Executive Summaw 

Introduction 
This report serves as an amendment to the investigation procedures and results of the 
Resource Conservation and Recovery Act (RCRA) Facility Investigation (RFI) at Solid Waste 
Management Unit (SWMU) 360 at Marine Corps Base (MCB) Camp Lejeune, North Carolina 
(the Base). SWMU 360 was a former 300 gallon waste oil underground storage tank (UST) 
near Building 1817. The UST was removed in July of 1997. The results of a Limited Site 
Assessment revealed chlorinated solvents in soil and groundwater, and the site was 
transferred to the RCRA program. A Confirmatory Sampling Investigation (CSI) was 
conducted, and chemicals of potential concern (COPCs) concentrations were compared to 
screening criteria. Because some of the COPC concentrations exceeded the screening 
criteria, an RFI was recommended at the conclusion of the CSI. 

A RFI Report for the SWMU was completed in October 2005 by Baker Environmental, Inc. 
The RFI concluded that subsurface soil contamination of tetrachloroethene (PCE) is evident 
at the SWMU. The soil contamination is limited to the area in the northeast comer of the 
compound associated with Building 1817. PCE and trichlorwthene (TCE) were detected in 
groundwater samples collected around SWMU 360. Groundwater sampling during the 2005 
RFI defined the horizontal side gradient extent of this plume (southwest and northeast). 
However, the down gradient, up gradient, and the vertical extent of groundwater 
contamination were not defined. 

The Human Health Risk Assessment (HHRA) for the 2005 RFI concluded that the PCE and 
TCE in groundwater exhibited a risk to human health for future adult and child residents. 
The ecological risk assessment determined that ecological risk is not likely at the SWMU 
based on a negligible terrestrial habitat that does not warrant ecological evaluation and the 
fact that no aquatic habitat is present on or near the study area (Baker, 2005). 

Supplemental Investigation Activities 
A number of data gaps were identified at the completion of the 2005 RFI. Therefore, a 
second phase of RFI activities was deemed necessary. This report addresses the second 
phase of work. 

To address the data gaps, the amended RFI activities included: 

Direct push technology (DPT) soil sampling for analysis of volatile organic compounds 
WOG) 
DPT groundwater sampling for analysis of VOCs 
Installation of six permanent monitoring wells - - 
Groundwater sampling of existing and newly installed monitoring wells 
Geotechnical soil testing for vertical permeability and grain size analysis 
Slug testing six monitoring wells 



Analytical results from the additional field activities at SWMU 360 show PCE and TCE, both 
VOCs associated with degreasing and metal cleaning operations, and their daughter 
products cis-l,2-dichlorwthene (DCE) and vinyl chloride in the soil and groundwater. 

The primary goal of this amended report is to discuss results and conclusions from the 
additional field activities conducted at SWMU 360 as recommended in the 2005 RFI report. 

Nature and Extent of Contamination 
The primary contaminants of concern at SWMU 360 are P(3? in the soil, as well as PCE and 
TCE in the groundwater. Additional groundwater contaminants consist of cis-1,2-DCE, 
vinyl chloride, and petroleum constituents. The petroleum constituents were located in the 
areas of highest concentrations of PCE and TCE. 

The highest concentrations and distribution of the PCE, TCE, and degradation products 
tend to coincide with each other. Maximum concentrations were detected in wells and DPT 
brings located near the former UST. 

Four VOCs: PCE, TCE, cis-12-DCE, and vinyl chloride were detected in the both shallow 
and intermediate groundwater at concentrations that exceeded North Carolina Drinking 
Water (NCAC 2L) standards for tap water. The maximum groundwater concentrations, and 
most other exceedances of regulatory standards, were found in samples collected from the 
immediate vicinity of Buildmg 1817, specifically in shallow monitoring well 1817MW01, 
which was installed in the former UST basin. PCE was detected at a maximum 
concentration of 3,100 &kg in 1817MW01. 

The plume of chlorinated VOCs is long and narrow. It is estimated to be approximately 250 
feet in width and the length is undefined. Monitoring well SWMU360-MW08, which is 
located approximately 370 feet upgradient of the former UST basin contains exceedances of 
the NCAC 2L groundwater quality standards for TCE and vinyl chloride. This indicates the 
presence of an upgradient source for a portion of the contaminants. This amended RFI is 
not intended to evaluate the upgradient extent of contamination; rather to evaluate 
contamination resulting from operations at the SWMU 360 source. 

Conclusions and Recommendations 
Adequate on-site characterization and delineation of soil contamination at SWMU 360 has 
been accomplished to the extent necessary to determine the nature and extent of soil 
contamination. Impacted soil is confined to an irregularly shaped area of approximately 165 
ft  from east to west by 205 ft  north to south. The impacted soil is at and immediately 
surrounding the former UST area and extends underneath the southeastern end of Building 
1817. PCE contamination extends to the groundwater table, approximately 20 feet below 
the ground surface @gs). 

Groundwater contamination has not been adequately characterized in the northwest and 
southeast directions in either the shallow or intermediate aquifer zones. Additional 
assessment is required to determine the horizontal extent of groundwater contamination in 
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the northwest (upgradient) and southeast (downgradient) directions, although it may be 
assumed that up gradient contamination is a result of a source other than SWMU 360. 

Additional assessment is also required to complete the vertical delineation of the 
groundwater contaminant plume. Exceedances of the NCAC 2L groundwater quality 
standards were reported in intermediate-zone monitoring wells at the source area, and at 
SWMU360-MWIOIW, located approximately 600 feet downgradient (southeast) of the 
source area. The wells are screened at a depth of 40 to 45 feet bgs. 

The HHRA was reviewed in light of the new data, and the conclusion that the site poses 
unacceptable risk from residential exposure to site groundwater is still valid. There is no 
current risk to military personnel. 
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1.0 Introduction 

This document presents the Resource Conservation and Recovq Act (RCRA) Facility 
Investigation (RFI) amended Report for Solid Waste Management Unit (SWMU) 360 at 
Marine Corps Base (MCB) Camp Lejeune, North Carolina (the Base). The site location is 
shown in Figures 1-1 and 1-2. This document has been prepared by CH2M HILL, Inc. under 
Contract Task Order (CTO) 100 of the Department of the Navy's Comprehensive Long-Term 
Environmental Action Navy (CLEAN) Program. 

1.1 Purpose and Objectives of Amended RFI 
An RFI was conducted at SWMU 360 and reported in Final S M U  360 RCRA Facility 
Investigation Report (Baker, 2005). The purpose of this amended RFI is to fill some &the data 
gaps identified by the 2005 RFI. The objectives of the amended RFI at SWMU 360 are to: 

Define the vertical and horizontal extent and vertical variation of the chlorinated volatile 
organic compounds (VOCs) in groundwater and soil. 

Further evaluate aquifer characteristics such as hydraulic conductivity through slug 
tests and geotechnical analysis of soil. 

Better define the hydrogeologic characteristics of the site, including groundwater flow 
direction and velocity. 

The RFI activities included direct-push (Geoprobe) soil and groundwater samplin& 
installation and sampling of monitoring wells, slug testing, performing geotechnical 
analysis of the soil, and analyzing soil and groundwater for chemicals of potential concern 
(COPCS). 

1.2 SWMU Description 
SWMU 360 was a former 300-gallon waste oil underground storage tank (UST) near 
Building 1817. The UST was removed by Clean East Associates, Inc. in July 1997. Building 
1817 is located in the Hadnot Point Industrial Area between Duncan Sheet and "0" Street 
and one block north east of McHugh Boulevard or the former Main Service Road 
(Figure 1-3). The 8th Communication Battalion operates Building 1817 as the Hazardous 
Materials Consolidation Center. 

The actual SWMU is located in the eastern portion of the compound, which is being used as 
a temporary staging area for batteries, refrigeration units and other used equipment prior to 
disposal and/or reutilization. The entire compound is fenced in and has limited access. A 
new wash pad has been built near the area of the UST excavation and is utilized by the 
Marine Units occupying the facility. 



SECTION 1 - INTRWUCnON 

1.3 Previous Investigations 

1.3.1 UST Removal and LSA 
The UST was removed in July of 1997 and confirmatory samples were collected by Clean 
East Associates, Inc. following UST closure protocol. Confirmatory samples confirmed that 
a petroleum release had occurred at the site. In December 1997 Catlin/Law Engineers and 
Scientists performed a limited site assessment (LSA), which included installing monitoring 
well 1817MW01 within the former UST excavation. Upon discovery of elevated 
concentrations of chlorinated compounds in the soil and groundwater, the site was removed 
from the UST program and transferred to the RCRA program. 

1.3.2 CSl Investigation 
In 2002 a Confirmatory Sampling Investigation (CSI) was conducted under the RCRA 
program (Baker, 2005). The CSI included surface and subsurface soil sampling and the 
installation and sampling of four temporaly wells. 

The CSI identified the following COPCs in soil: 

VOCs - bromoform, methylene chloride, and tetrachloroethene (PCE) 

Pesticides - dieldrin 

Metals - arsenic 

The following COPCs were identified in groundwater at SWMU 360: 

VOCs - cis-1,24ichloroethene (IXE), PCE, and trichloroethene (TCE) 

Semivolatile organic compounds (SVOCs) - 4-methylphenol and acetophenone 

Pesticides - DDE, DDT, aldrin, alpha-chlordane, gammadordane, heptachlor, 
heptachlor epoxide, alpha-BHC, and beta-BHC 

Petroleum hydrocarbons were detected in soil and groundwater samples at relatively low 
concentrations, less than health-based comparison criteria, and therefore were not identified 
as COPCS. 

1.3.3 RFl Investigation 
An RFI for the SWMU was completed in October 2005 by Baker Environmental, Inc. (Baker). 
The RFI consisted of soil borings, collection of surface and subsurface soil samples, 
groundwater sample collection via Geoprobe Screen Point Sampler, and installation of 
permanent monitoring wells. Sampling was conducted in 2003. A summary of analytical 
results from the 2005 RFI Report is included in Appendix A, along with a map showing 
sample locations. 

Based on the RFI, subsurface soil contamination of PCE is evident at the SWMU. The soil 
contamination is limited to the area in the southeast end of the Building 1817 compound, 
near the former UST location. The maximum concentration of PCE in soil was measured at 
118 micrograms per kilogram (pg/kg). PCE degradation products were not commonly 
detected in the soil, indicating that natural attenuation was not occurring at a high rate 
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within the vadose zone at this site. Previous detections of pesticides in the soil from the CSI 
were not substantiated during the RFI sampling. Likewise, arsenic was detected in soil 
within the upper 5 feet of subsurface soil at concentrations generally lower than comparison 
criteria. 

PCE and TCE were detected in groundwater samples collected around SWMU 360. 
Pesticides and SVOCs identified during the CSI were not detected in groundwater during 
the RFI, and it was concluded that previous detections of those COPCs had likely resulted 
from turbidity in the CSI groundwater samples. 

The maximum concentrations of PCE and its degradation products in groundwater were 
detected from samples collected within the original UST well, 1817-MW01. In the 2003 
samples, PCE was detected at a concentration of 5,100 micrograms per liter (pg/L), and TCE 
was detected at 460 pg/L. The PCE plume extended downgradient from the UST location, 
dissipating to less than 20 pg/L approximately 500 feet southeast of the SWMU. Low levels 
of TCE, on the order of 10 pg/L, were detected upgradient of the SWMU. The down 
gradient, up gradient, and the vertical extent of groundwater contamhation were not 
defined during the RFI. 

1.3.3.1 Human Health Risk Assessment 
A baseline Human Health Risk Assessment (HHRA) was completed as part of the uX)5 RFI 
for SWMU 360 to evaluate if unacceptable risks may be associated with potential exposure 
to existing conditions at the site. The HHRA indicated no unacceptable risks or hazIlld 
levels for current military personnel or future construction workers. However, the detection 
of PCE, TCE and heptachlor epoxide in groundwater (from CSI data) exhibited a risk to 
human health for future adult and child residents. This risk is based on contact with 
groundwater and the possibility that the Base may become a future residential area. 

1.3.32 Ecological Risk Assessment 
An Ecological Risk Assessment (ERA) was also completed as part of the 2005 Baker RFI in 
order to evaluate the likelihood that adverse ecological effects would occur or are occurring 
as a result of exposure to one or more physical or chemical stressors. The assessment 
evaluated the potential effects of chemicals on terrestrial and aquatic receptors (e.g., flora 
and fauna) and their habitats; including the consideration of protected species and sensitive 
or critical habitats. It also identified particular chemical sixessors that may cause adverse 
effects. The ERA determined that ecological risk is not likely at the SWMU based on a 
negligible terrestrial habitat that does not warrant ecological evaluation and the fact that no 
aquatic habitat is present on or near the study area. 
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2.0 Amended RFI Field Activities 

This section presents a summary of activities conducted for the Amended RFI for %'MU 
360. All amended RFI field activities were conducted in accordance with Standard 
Operating Procedures (SOPS) outlined in the Final Site Specijc Field SampZing and Analysis 
Plan Records Search and RCRA Facility Investigation Addendum SWMU 360, Marine Corps Base 
Camp Lejeune, North Camlina by CH2M HILL dated November 2005. Where the RFI 
procedures differed from those presented in the project plans, they are identified here. 

The scope of the Amended RFI activities consisted of: 

Direct-push (Geoprobern) groundwater and soil sampling 
Installation and development of 6 new monitoring wells 
Groundwater sampling from aIl site monitoring we& 
Geotechnical analysis for the determination of vertical permeability and grain size 
Hydraulic conductivity testing of groundwater in six monitoring wells 
Surveying of monitoring wells and direct push technology @FT) sampling points 

2.1 Direct Push Technology Sampling 

2.1.1 Soil Investigation 
Five additional DPT soil borings (SWMU360-IS34, SWMU360-IS, SWMU360-I536, 
SWMU360-IS37, and SWMU360-645) were installed within the vicinity of monitoring well 
1817-MW01 to further define the PCE impacted soils at SWMU 360 (Figure 2-1). 
Continuous soil samples were collected from the soil brings to characterize lithology and 
screen for the presence of VOCs. Near-surface soil, 1 to 3 feet below ground surface (bgs) 
and deeper subsurface soils with the highest flame ionization detector (FID) or photo- 
ionization detector @ID) readings were submitted to the laboratory for VOC analysis. Each 
boring was advanced to the water table at a depth of approximately 20 ft bgs. Soil sampling 
procedures are described in the Master FSAP (CH2M HILL, June 2004). The soil samples 
collected from the five borhgs were submitted to a fixed base labomtory for analysis of 
VOCs by United States Environmental Protection Agency (US EPA) Method SW846-8260. 

The soil investigation also included the collection of soil samples for total organic content 
(TOC) and total oxidant demand (TOD) analyses. During the DPT activities, soil samples 
were collected with acetate liner sleeves from four borings (SWMW-IS34, SWMU360- 
IS35, SWMU360-IS%, and SWMU360-IS37). Once a 4feet sleeve sample had been collected 
at the target depth from each of the four brings (as determined by the field screening), the 
acetate liner was cut in-half and each half was capped at both ends and duct taped. The soil 
samples were submitted to fixed-base laboratories for TOC and TOD testing. Laboratory 
data for the DFT soil samples are included in Appendix B. 



2.1.2 Groundwater Investigation 
Eight additional D m  borings (SWMU360-IS37, SWMU360-IS38, SWMU360-IS39, 
SWMU360-IS40, SWMU360-IS41, SWMU360-IS42, SWMU360-IS43, and SWMU360-IS44) 
were advanced in the down-gradient and side-gradient areas of the groundwater plume. 
All direct push sampling locations are shown on Figure 2-1. 

Four borings were advanced to just below the water table for the collection of shallow 
(approximately 22 to 26 f t  bgs) groundwater samples, while the other four borings were 
advanced for the collection of both shallow and intermediate (approximately 38 to 42 ft bgs) 
groundwater samples. When the target depth was reached in a borehole, the saeen on the 
sampler was deployed and groundwater samples were collected using polyethylene tubing 
and a peristaltic pump. Once the shallow sample had been collected, the rods and sampler 
were removed from the borehole, and a decontaminated set of rods and sampler were 
advanced in the same borehole to collect groundwater samples from deeper zones. New 
dean tubing was used to collect groundwater samples from each sampling depth 

Once the target depth of each borehole had been reached and all samples had been 
collected, the borehole was abandoned using a grout mixture with Portland cement 
conforming to American Society for Testing and Materials (ASTM) requirements and North 
Carolina Department of Environment and Natural Resources (NCDENR) guidelines. 

A summary of the sampling and analytical program is presented in the Site-specific Quality 
Assurance Project Plan (QAPP). Groundwater samples were analyzed for VOCs by EPA 
method SW846-8260. Laboratory data for the DPT groundwater samples are included in 
Appendix B. 

2.2 Monitoring Well Installation 
Four additional Type II shallow monitoring wells and two Type III (double cased) 
intermediate wells were installed. The locations of SWMU 360 monitoring wells installed 
for the amended RFI are shown on Figure 2-2. Type 11 shallow monitoring wells 
(SWMU360-MW09, SWMU360-MW10, SWMU360-MW11, and SWMU-360MW12) were 
installed using rotary hollow-stem augers. Type 111 intermediate monitoring wells 
(SWMU360-MW09IW and SWMU360-MWlOIW) were installed using hollow-stem augers 
and mud rotary drilling techniques. Boreholes for the shallow monitoring wells were 
advanced to a depth of 26 feet bgs, while intermediate monitoring wells were advanced to 
depths of approximately 45 feet bgs. Standard split-spoon soil samples were collected from 
each well boring for lithological descriptions and field screening. For the paired wells, split 
spoons samples were only collected from the intermediate well boring. The new monitoring 
wells were installed and developed in accordance with Navy CLEAN SOPS, CH2M HILL 
SOPS, and the Master Plans (CH2M HILL, June 2004). A summary of well construction and 
water level information is presented in Table 2-1. Boring logs and well construction 
diagrams are included in Appendii C. 



2.3 Monitoring Well Sampling 
All 13 existing wells (SWMU360-MWO1, SWMU360-MWOIIW, SWMU360-MWO2, SWMU- 
36OMWO2IW, SWMU360-MW03, SWMU360-MW03IW, SWMU360-MW04, SWMU- 
360MW05, SWMU360-MW06, SWMU360-MW07, SWMU-360MW08, IR78-GW39 and UST 
well 1817-MW01) and the 6 newly installed wells (SWMU360-MW09, SWMU360-MW09IW, 
SWMU360-MW10, SWMU360-MWlOIW, SWMU360-MW11, and SWMU-360MW12) were 
sampled. Monitoring well locations are shown on Figare 2-2. For the new monitoring 
wells, sampling took place no sooner than 48-hours after completion of well development in 
order to allow an adequate amount of time for the wells to equilibrate. The wells were 
purged and sampled using peristaltic pumps and low-flow purging/sampling methods in 
accordance with Navy CLEAN SOPS, CH2MHILL SOPS, and the Master Plans 
(CH2h4 HILL, June 2004). Groundwater sampling sheets from the January 2006 sampling 
event are included in Appendix D. 

The water level and Water Quality Parameters (WQPs) were measured frequently during 
pwging. Purging was deemed complete when three successive readings of pH, specific 
conductance, and temperature had stabilized to within 10 percent or there was no further 
discemable upward or downward trend. A minimum of one well volume was purged prior 
to sampling. even in the event that WQP readings stabilized quickly. Upon WQP 
stabilization, groundwater samples were collected and placed into appropriate sample 
containers, for VOC analysis by EFA method SW846-8260. Samples were stored on ice 
under Chin-Of-Custody control pending shipment to the laboratory. Laboratory data from 
the January 2006 monitoring well sampling event are included in Appendix B. 

2.4 Hydraulic Conductivity Testing 
Rising head tests were performed on three monitoring wells smened in the shallow aquifer 
and three wells screened in the intermediate aquifer. Monitoring well pairs SWMU360- 
MWOl and MWOIW, SWMU360-MW09 and MW09IW and pair SWMU360-MW10 and 
MWlOlW were utilized for the testing. The tests were performed using a slug and 
datalogger. The data was then reduced using the Bouwer and Rice method by plotting the 
change in head verses time. Conductivity test results are presented in Appendix E. 

2.5 Geotechnical Analysis 
A total of three undisturbed soil samples were collected using Shelby tubes within the 
vicinity of SWMU 360 for the determination of vertical permeability and grain size. One 
soil boring was advanced near the SWMU source (SWMU360-SB33, located south of 
Building 1817) while two additional samples were collected from monitoring well borings 
SWMU360-MW-9 and SWMU360-MW-10. The three samples were collected from depths of 
2 ft  to 4 ft bgs (SWMU360-SB33), 8 ft  to 10 ft bgs (SWMU360-MW-9), and 14 ft to 16 ft bgs 
(SWMU360-MW-10). Once collected, the undisturbed Shelby tube samples were submitted 
to a fixed-base geotechnical laboratory (Geotechnics, Raleigh, North Carolina) for analyses. 
The geotechnical laboratory report is included in Appendix F. 
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2.6 Survey of Monitoring Wells and DPT Sampling Locations 
The DPT sample locations and monitoring wells were surveyed by SEPI Engineering Group, 
a surveying subcontractor licensed in the State of North Carolina. The survey included 
topographic elevation relative to mean sea level (msl) and horizontal position within the 
North Carolina State Plane Coordinate System. 

2.7 Quality AssurancelQuality Control 
Specific Quality Assurance/Quality Control (QA/QC) requirements are presented in the 
Master QAPP, which is contained in the Master Project Plans. The Master QAPP describes 
the different levels of sample analysis and the associated QC procedures required with each. 
Adherence to established USEPA chain-afcustody (COC) procedures during the collection, 
transport, and analyses of the samples was maintained throughout the project. Laboratory 
analyses of the samples conform to accepted QA requirements. 

The required QA/QC samples were collected and prepared during the field activities to 
ensure precision, accuracy, representativeness, completeness, and comparability of the data. 
Field duplicate samples, matrix spike and matrix spike duplicates, rinsate blanks, field 
blanks, and hip blanks were collected and analyzed. Laboratory QA/QC samples were 
analyzed according to USEPA's contract laboratory program (CLP) protocol. 

Analytical laboratory data were reviewed and validated by a third party subcontractor. 
Acetone and 2-butanone were detected in field and laboratory blanks related to the DPT 
groundwater samples. According to USEPA protocol, positive results for these 
con taminants that were less than or equal to ten times the blank contamination level were 
considered invalid for the associated samples. Data validation summary reports are 
included in Appendix G. 
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3.0 Site Geological and Hydrogeological 
Characteristics 

This section describes geologic and hydrogeologic characteristics of SWMU 360, in light of 
the additional field investigation. The physical characteristics of the region, the topography 
of SWMU 360, and its surface features, and the surface water hydrology are described in the 
2005 RFI report. 

The geology and hydrogeology of SWMU 360 was assessed during the advancement of DPT 
borings and during the instalIation of monitoring wells at the site. Locations of two aoss- 
sections are shown on FigureM. Stratigraphic aoss-sections generated from the 
monitoring well boring logs are presented on Figure 3-2 and Figure 3-3. 

3.1 Site Geology 
Within the vicinity of SWMU 360, the uppermost undifferentiated formation of Holocene 
and Pleistocene age sediments consists of mostly fine to medium grained, medium dense 
sands with a lesser amount of silt and clay and is present to depths of 20 ft  to 30 ft  bgs. Thin 
discontinuous lenses of clay were identified within the undifferentiated formation, although 
the clay lenses may be regionally associated with the Miocene age Belgrade formation. The 
Belgrade formation, which generally consists of olive gray silts and clays and fine sands, 
with lesser amounts of shell and fossil fragments, was not identified within the soil borings 
at SWMU 360. 

The upper portion of the Oligocene age River Bend formation underlies the Holocene and 
Pleistocene sediments. Within the vicinity of SWMU 360, the River Bend formation is 
present as discontinuous lenses composed of sands, silt, shell and fossil fragments, and trace 
amounts of clay. Some of the sands were identified as being cemented within the formation 
The amount of shell fragments within the formation decreases with depth down to 
approximately 25 ft  bgs. Below the shell fragments fine silty sands extend to depths of 45 ft 

bgs. 

The locations of the A-A' and B-B' geologic crosssections are shown on Figure 3-1. Cross 
section A-A' trends northwest-southeast across the central region of SWMU 360 (southwest 
of Building 1817) and extending downgradient and to the groundwater flow 
direction (Figure 3-2). Cross-section B-B' trends southwest-northeast across the central 
region of SWMU 360 and perpendicular to the groundwater flow direction (Figure 3-3). 
Both sections include the stratigraphic sequence of the undifferentiated formation and River 
Bend formation described above. 

The undifferentiated formation varies in d e ~ t h  across the A-A' aoss-section. varvine from . , " 
approximately 25 feet deep withii the vicinity of SWMU 360 (near monitoring well SWMU 
360-MW02IW) to approximately 20 feet deep southeast of SWMU 360 (within the vicinity of 
monitoring well S-360-MWl0IW). Lil6ng aoss-section A-A' and near monitoring well 



SWMU360-MW02 the lithology of the undifferentiated formation consists mostly of fine 
silty sand. A discontinuous, semi-plastic, silty clay layer is present within the vicinity of 
SWMU 360 kom approximately 5.5 ft to 10 ft bgs and identified within the boring logs for 
monitoring wells SWMU360-MWO1 and SWMU360-MWO2. However, this shallow clay lens 
was not identified northwest (at boring log for well SWMU360-MWOS) or southeast (at 
boring log for well SWMU360-MWM) of SWMU 360 along the A-A' cross section. In 
addition, a discontinuous, semi-plastic, silty clay and clayey sand layer is present within the 
vicinity of SWMU 360 at depths of 20 A to 25 ft bgs. This discontinuous day zone was 
identified within the boring logs for monitoring wells SWMU360-MW08, SWMU360-MWO2, 
and SWMU360-MWM, but appears to pinch-out downgradient of SWMU 360 and is not 
present at the boring for well SWMU360-MW10. Fossil shells and partially cemented sands 
in the upper portion of the River Bend formation, were identified between 20 to 25 ft bgs 
and were generally discontinuous across the A-A' cross section at SWMU 360. Shell 
fragments were identified in the boring logs for well SWMU360-MW08 at 24 f t  to 26 f t  bgs 
and well SWMU360-MWO4 at 21.5 f t  to 28 ft bgs. The fossil layer is an identifying 
characteristic of the River Bend formation (Cardinell et al., 1993). 

Cross section B-B' trends southwest-northeast within the vicinity of SWMU 360 (Figure 3-1). 
The undifferentiated formation consisted of silty sands near the surface and a 
discontinuous, semi-plastic, silty clay layer present at approximately 5.5 f t  to 10 f t  bgs 
within the vicinity wells SWMU360-MW02 and SWMU360-MWM along the B-B' cross 
section However, the clay layer pinches out northeast of SWMU 360 as indicated by only 
thin clay lenses at approximately 6.5 f t  bgs within the boring log for well SWMU360-MWW. 
In addition, a discontinuous, plastic, silty clay and clayey sand layer is present within the 
vicinity of SWMU 360 at depths of 12 f t  to 25 f t  bgs across the B-B' moss section This 
discontinuous clay zone was identified within the boring logs for monitoring wells 
!3VhKJ360-MWW, SWMU360-MWOl, and SWh4U360-MW02, but was not identified at 
SWMU360-MWO5. Fossil shells and partially cemented sands of the upper portion of the 
River Bend formation were generally discontinuous across the 8-8' cross section and only 
observed within the boring log for well SWMU360-MWO7 (between 16 f t  to 24 ft bgs). 

3.2 Site Hydrogeology 
The additional investigation activities discussed in this RFI addendum have been limited to 
the shallow and intermediate aquifer zones. 

During the January 18,2006 well gauging event (Table 2-I), the static water level elevations 
of the unconfined shallow aquifer at SWMU 360 ranged from 4.14 feet msl at monitoring 
well SWMU360-MW12 to 6.38 feet msl at well SWMU360-MW08. In general, groundwater 
flow direction within the shallow aquifer of SWMU 360 is to the southeast and in the 
direction of Cogdels Creek. The horizontal hydraulic gradient in January 2006 within the 
shallow zone is approximately 0.002 feet per foot (ft/ft) between wells SWMU360-MW08 
and SWMU360-MW10. A groundwater contour map of the shallow zone is shown on 
Figure 3-4. 

Static water level elevations in January 18, 2006 within the intermediate zone ranged from 
3.18 feet msl at SWMU360-NIW02IW to 4.97 feet msl at well SWMU360-MWOlIW. In 
general, the groundwater flow direction within the intermediate zone is to the southeast 



The horizontal hydraulic gradient within the intermediate zone at SWMU 360 was 
approximately 0.001 ft/ft between wells SMWU36C-MWOlIW and SWMU360-MWlOIW. A 
groundwater contour map of the intermediate zone is shown on Figure 3-5. 

Aquifer testing was performed by CH2M HILL in January 2006 through the use of slug tests 
on three shallow wells (SWMU360-MWO1, SWMU360-MW09, and SWMU360-MW10) and 
three intermediate-depth wells (SWMU360-MWOlIW, SWMU3M)-MW09IW, and 
SWMU360-MWlOIW). Due to the generally unconfining conditions of the surficial and 
intermediate aquifers at SWMU 360, the Bouwer and Rice slug test method was selected for 
calculating hydraulic conductivities. A bail-down slug test was conducted at each of the six 
wells that included withdrawing water out of the well casing with a bailer and recording the 
changes in water level within thi well with a pressure transzucer/datalogger. The reszting 
data from these tests are shown in Table M. Slug test curves collected from the monitoring 
wells are provided in Appendix E. The hydraulic conductivity in the shallow wells ranged 
from 236 feet per day @/day) at well SWMUWMW09 to 17 ft/dav at well SWMU360- 
MWOl with a- geo&etric m& of 7.8 ft/day. However, the hidraulic conductivity 
determined for well SWMU360-MWO1 may be biased high due to the poor quality of the 
slug test curve generated with the plotted data collected in the field. The mean hydraulic 
conductivity value of 7.8 ft/day determined during the RFI Addendum field activities is 
slightly higher than the value of 4.2 &/day determined during the RFI. 

The hydraulic conductivity in the intermediate aquifer wells (River Bend Formation) ranged 
from 0.13 ft/day at well SWMU360-MWWW to 7.2 ft/day at well SWMU360-MWOIIW 
with a geometdc mean of 2.8 ft/day (Table 3-1). Lower hydraulic conductivities in the 
intermediate aquifer as compared with the shallow aquifer may be due to the presence of 
more silts and fine sands within the zone where the intermediate wells are screened. 
However, the mean hydraulic conductivity value of 2.8 ft/day determined during the RFI 
Addendum field activities is lower than the value of 22.3 &/day determined in July 2003 
during the RFI (Appendix E). During the RE, wells that were screened a a m  the lithologic 
units of fineto-warse grained sands and gravels or shell fragments were grouped together 
as being within the upper Castle Hayne aquifer (River Bend Formation). However, only 2 of 
the 6 wells within this group were intermediate wells and had lower hydraulic conductivity 
values (0.6-10.7 ft/day) as compared with the other 4 shallow wells within this same group 
(17.942.3 ft/day). Due to the large range of hydraulic conductivity values determined for 
the wells grouped within the upper Castle Hayne aquifer for the RFI, the average 
conductivity value of 22.3 ft/day determined during the RFI may be biased high as 
compared to the conductivity value of 2.8 ft/day as determined during the RFI Addendum 
field activities. 

Limited studies on the vertical permeability within the vadose zone near and downgradient 
of SWMU 360 were also conducted in January 2006. Undisturbed soil samples were 
collected from three borings (SWMU360SB33, mVMU360-MWO9, and SWMU360-MW10) 
and submitted to a geotechnical laboratory for permeabiity testing following the ASTM 
Method D5084-90 and for sieve and hydrometer analysis using ASTM Method D422-63 
(Appendix F). The geotechnical data is presented in Table 3-2. Three Shelby tube samples 
(2 to 4 ft bgs from SWMU3@SB33,8 to 10 ft bgs from SWMU360-MW09, and 14 to 16 ft bgs 
from SWMU3M)-MW10) were collected from the poorly graded sand and silty sand layers 
that are present within the vadose zone. Although there was a limited amount of cohesive 
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soils present in the vadose zone at SWMU 360, adequate Shelby tube samples were collected 
from all three borings. Vertical permeabilities within the poorly gmded sand layers ranged 
from 1.3 ft/day (2 to 4 ft bgs from 360-5833) to 3.1 ft/day (8 to 10 ft bgs from SWMU360- 
MW09), while the vertical permeability of the finer grained silty sands was measured to be 
0.2l ft day (14 to 16 ft bgs from SWMU360-MW10). 

Vertical hydraulic potentials were calculated between the shallow and intermediate zones 
using the water-level data between adjacent wells m e d  in the respective intervals (wen 
pairs MWOl and MWOlIW, MW09 and MW09IW and MWlO and MWlOIW). Based on the 
January 2006 water-level data, no downward potential exists between well pair MWOl and 
MWOIIW, while a slight downward potential of 0.002 ft/ft exists between MW09 and 
MW09IW and a slight upward potential of 0.0009 ft/ft acists between pair MWlO and 
MWlOIW. The water-level data from January 2006 appears to indicate that the vertical 
gradient potential varies slightly, but is generally downward throughout the area. 
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4.0 Nature and Extent of Contamination 

This section discusses the nature and extent of contamination found in soil and 
groundwater at SWMU 360 during the amended RFI field activities. A discussion of field 
activities is presented in Section2.0 of this report. Section 42.1 presents the nature and 
extent of contaminant concentration in the subsurface soil. The nature and extent of 
con taminant concentrations in the groundwater is presented in section 4.2.2. 

Analytical results of surface and subsurface soil and groundwater samples collected during 
the previous RFI (Baker, 2005) are presented in Appendix A. Complete analytical results of 
samples collected during the amended RFI field activities are presented in Appendix B. 

4.1 Regulatory and Health-Based Comparison Criteria 
Soil and groundwater samples analyzed for this amended RFI were compared to the 
following regulatory standards: 

Soil results were compared to the North Carolina Soil to Groundwater Screening criteria 
(SSLs) and to Region IX USEPA Preliminary Remediation Goals (PRGs) for residential 
exposure 

Groundwater results were compared to the North Carolina 15A NCAC 2L Groundwater 
Standards. 

The chemical-specific regulatory criteria used to evaluate soil and groundwater results are 
included on a11 data summary tables and figures. 

4.2 Amended RFI Sampling Results 

4.2.1 Soil Sample Results 
Earlier assessment activities (RFI, 2005 and CSI) concluded that surface soil at this site is not 
contaminated. For the amended RFI, five DPT soil borings (SWMU360-IS34 through IS37 
and IS45) were installed around the former UST area to further define the extent of shallow 
soil contamination. Near-surface soil samples were collected from an interval of 1 to 3 A 
bgs, and deeper samples were collected at depths ranging from 14 to 19 feet bgs. No soil 
samples were collected from beneath the groundwater surface. The soil samples were 
analyzed by EPA Method SW846-8260 for VOCs. 

In the near-surface samples, trace concentrations (lower than 10 &kg) of the hydrocarbon 
fuel components ethylbenzene, toluene, and xylene were detected, all at concentrations 
below comparison criteria. Methylcyclohexane, acetone, PCE, and cis-1,2-DCE were also 
detected. The only exceedance of the comparison criteria was PCE, reported in sample 
SWMU360-IS37 at a concentration of 8.2 &Kg, compared to the SSL standard of 7.42 
pg/kg. Analytical results for the near-surface soils are summarized in Table 41. 
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Chlorinated VOC ((NOC) concentrations within the near-surface soil are presented on 
Figure 41. Vinyl chloride was not detected in any soil sample. 

The same VOCs at similar concentrations were detected in the subsurface soil samples 
collected £rom 14 to 19 feet bgs, with the addition of trichloroethene. Again, the only 
exceedance above comparison criteria was PCE, detected in subsurface soil sample 
SWMU360-IS%, at a concentration of 140 &Kg. Subsurface soil analytical results for the 
14 to 19 ft zone are summarized in Table 4-2, and CVOCs are illustrated on Figure 4-2. 

Figure 4-3 shows the estimated delineation of PCE in the vadose zone soil at SWMU 360. 
Current soil data and data from the 2005 RFI investigation (collected June 2003) are 
combined on the same figure to show the complete delineation of the impacted soil. 

4.2.2 DPT Groundwater Sample Results 
Groundwater samples were obtained from eight DPT borings during the additional RFI 
field activities. The samples were collected to help delineate the horizontal extent of the 
groundwater contaminant plume and to help in placement of permanent monitoring wells. 
The brings were advanced in the down-gradient and sidegradient areas of the 
groundwater plume estimated in the 2005 RFI report. Eight DFT groundwater samples 
were collected from a shallow aquifer depth of 22 to 26 ft bgs, and four samples were 
collected from an intermediate aquifer depth of 38 to 42 ft bgs. The DPT groundwater 
samples were analyzed for VOCs by EPA Method SW8468260. 

4.2.2.1 Shallow Aquifer 
Table 4-3 presents the analytes detected within the shallow aquifer DPT samples. In the 
shallow sampling zone, trace amounts of VOCs were detected, including CVOCs. The only 
compounds that had concentrations exceeding the comparison criteria were CVOCs. PCE 
was reported in excess of the NCAC 2L Groundwater Standards in five of the eight sample 
locations and TCE exceeded the standard in two locations. PCE was reported in samples 
from locations SWMU360-IS37, IS40, Ell, IS43 and IS44 at concentrations of 180 pg/L, 11 
pg/L, 1.4J pg/L, 0.81J pg/L, and 3.4J pg/L, respectively. TCE exceeded the standard in 
samples from locations SWMU360-IS37 and IS40 at concentrations of 54 pg/L and 5.6 pg/L, 
respectively, as shown on Table 4-3 and illustrated on Figure 4-4. Cis-1,2-DCE and vinyl 
chloride were also reported in excess of the standard at location SWMU36WS37 at 
concentrations of 120 pg/L, and 0.51J pg/L, respectively. 

4.2.2.2 Intermediate Aquifer 
In the intermediate sampling zone, PCE was reported at estimated concentrations in excess 
of the NCAC 2L Groundwater Standards in two of the four sample locations. PCE was 
reported in samples from locations SWMU360-IS37 and IS40 at estimated concentrations of 
0.83J pg/L, and 4J pg/L, respectively, as shown on Table 4-4 and illustrated on Figure 45. 
TCE and cis-1,2-DCE were detected but did not exceed the standard in any of the 
intermediate depth DPT locations. Vinyl chloride was not detected in groundwater at this 
depth. 
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4.2.3 Monitoring Well Groundwater Sample Results 
Groundwater samples were obtained from 14 shallow and five intermediate depth 
monitoring wells, including the new and previously installed wells. AU groundwater 
samples were analyzed for VOCs by EPA Method SW846-8260. 

4.2.3.1 Shallow Aquifer 
Table 4 5  presents the analytes detected within the shallow aquifer monitoring well 
samples. VOCs were detected, including the fuel-related compounds and CVOCs. 
Benzene, PCE, TCE, cis-1,2-DCE, and vinyl chloride were detected at concentrations 
exceeding the comparison criteria. These exceedances are described below. CVOC 
concentrations are presented in Figure 46. 

Benzene was detected in the original UST monitoring well, 1817-MW01, at an estimated 
concentration of 13 pg/L, compared to the 2L standard of 1 pg/L. Benzene was not 
detected in any of the other site monitoring wells, indicating a very localized presence. 

In the shallow monitoring wells, PCE was rrported in excess of the NCAC 2L Groundwater 
Standard (0.7 pg/L) in five of the 14 of the monitoring wells sampled and TCE exceeded the 
standard in seven wells. PCE was reported in samples from wells -360-MWOl (100 
pg/L), SWMU360-MWOQ (13 pg/L), SWMU360-MW10 (9 pg/L), SWMU360-MW12 
(12pg/L) and 1817-MW01 at a concentration of 3,200 pg/L. Well number 1817MWOl is 
actually within the former UST area. 

Low levels of TCE were reported in samples from locations SWMU360-MWM (7.1 pg/L), 
SWMU360-MWO2 (4.6J pg/L), SWMU360-MW04 (4.6J pg/L), SWMU3MFMWO8 ( 3 3  pg/L), 
SWMU360-MWl0 (3.2J pg/L), and SWMU360-MWZ (4.U pg/L). The exception to this 
trend was at 1817-MW01, with TCE at a concentration of 200J pg/L. 

Cis-l,Z DCE exceeded the 2L standard in 1817MWOl (370 pg/L) and vinyl chloride was 
reported in the sample from SWMU360-MW08 at a concentration of 2.8 pg/L. It should be 
noted that the sample from 1817MWM was diluted and the reporting limit for vinyl 
chloride in that sample was increased to 100 pg/L, indicating that vinyl chloride may have 
been present at concentrations less than 100 pg/L at that location. 

4.2.3.2 Intermediate Aquifer 
Groundwater analytical results for the samples from the intermediate aquifer are 
summarized in Table 4-6 and CVOC concentrations are illustrated on Figure 4-7. CVOCs 
were detected at concentrations exceeding the comparison criteria. In the intermediate 
monitoring wells, PCE was reported in excess of the NCAC 2L Groundwater Standards in 
two of the five monitoring wells. PCE was reported in samples from wells SWMU360- 
MWOlIW and SWMU360-MWlOIW at concentrations of 5.2 pgjL, and 9.3 pg/L, 
respectively. TCE was reported in SWMU360-MWOW at 4.7J pg/L and in SWMU360- 
MWlOIW at a concentration of 3.3J pg/L. Vinyl Chloride was also reported in SWMU360- 
MWOW at 0.SJ pg/L. 



Table 4-1 
Analytes Detected in Near-Surface Soil 
SWMU 360 Amended RFI Report 
MCB Camp Lejeune 

Notes: 
U- Analyte not detected 
J- Reported value Is estimated 
NA-  NO^ analyzed 
VOCr Volatile Organlc Compounds 
NC- No cntena exlsts 
SSLs- Sol1 Screening Levels 



Table 4-2 
Analytes Detected in Subsurface Soil 
SWMU 360 Amended RFI Report 
MCB Camp Lejeune 

U- Analyte not detected 
J- Reported value is estimated 
NA- Not analyzed 
VOCs- Volatile Organic Compounds 

PRGs- Soil Residential Preliminary Remedlatlon Ooais 
SSLs- Soil Screening Levels 
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Table 4-3 
Analytes Detected in Shallow Level DPT Groundwater 
SWMU 360 Amended RFI Report 
MCB Camp Lejeune 

Notes: 
U- Analyte mt d e w 4  
J- R W  valve is estimated 



Table 4 3  
Analytes Detected in Shallow Level DPT Groundwater 
SWMU 360 Amended RFI Report 
MCB Camp Lejeune 



Table 4-4 
Analytes Detected in Intermediate Level DPT Groundwater 
SWMU 360 Amended RFI Report 
MCB Camp Lejeune 

Notes: 
U- Analyte not detected 
J- Reported value is estimated 
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Tab* 4-5 
Anatytes Detected In ShalknuMonbring Wells 
SWMU 3W Amendad RFI Reporl 
MCB Camp LeJeune 



Tabla 4-5 
AMWs Deteded in Shallow Monitning Walls 
SWMU 360 Amended RFI Report 
MCB Camp Lejeune 
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Table 4-6 
Analytes Detected in Intermediate Monitoring Wells 
SWMU 360 Amended RFI 
MCB Camp Lejeune 

Notes: 
U- Analyte not detected 
J- Reported value Is estimated 
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5.0 Evaluations and Conclusions 

5.1 Evaluations 

5.1.1 Nature and extent of CVOCs 
It is apparent that the sources of the both the PCE and the petroleum hydrocarbon 
contamination in soil and groundwater were located near the fonner UST. Monitoring well 
1817-MWffl, located within the former UST pit, contains the highest concentrations of PCE 
and degradation products. Although another upgradient source of TCE is evident, the 
majority of the TCE in groundwater at the UST location may be assumed to have been 
associated with the release at the SWMU, as a degradation product within the groundwater. 
The fact that there is verv little TCE in site soil above the eroundwater indicates that TCE , - 
was not a major component of the release. It is also apparent that reductive dechlorination 
of the PCE is not occurring at a high rate in the soil above the water table. 

It appears that a preferential groundwater pathway for the PCE plume is relatively narrow, 
extending beneath Building 1828 and southeast of the UST location. In this area, PCE 
concentrations exceed TCE and DCE, while in upgradient and side-gradient areas, the 
daughter product DCE has successively higher concentrations than the TCE. This is an 
indication of a continuing source of PCE, the vadose zone soils at SWMU360. In situ 
degradation has been occurring, however, outside of the narrow PCE plume pathway, as 
evidenced by the higher ratio of DCE to TCE to PCE. 

5.1.2 Nature and Extent of Petroleum Hydrocarbons 
Benzene, toluene, ethylbenzene, and xylene (BTEX) concentrations are all relatively low in 
the soil and groundwater, with the highest detect estimated at 13 pg/L within monitoring 
well 1817-MW01. The benzene concentration exceeded the NCAC 2L standard; no other 
exceedances of petroleum hydrocarbons were noted at SWMU 360. Because of the limited 
number of detects, it is concluded that there is no BTEX plume at this site. 

5.2 Human Health Risk Assessment Review 
An HHRA was included as part of the RFI for SWMU 360 at Camp Lejeune. That analysis 
concluded that constituents in groundwater, primarily chlorinated solvents, are above levels 
that may suggest potential future adverse impacts if used as a source of potable water. No 
restrictions on exposures to soil were identified. Additional data were collected to better 
delineate the concentrations of VOCs at the ~ite. The additional data collected in 2005-2006 
were reviewed to determine if these results would modify the conclusions to the HHRA. 

5.2.1 Soils 
Based on available data, the HHRA cmduded that surface and subsurface soils do not pose 
a current risk for military personnel, nor a hazard for future construction workers or 
residents. 
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No additional surface soils samples were collected. Eleven subsurface soil samples were 
collected in December 2005 and analyzed for VOCs. As shown in Table 5-1, the additional 
subsurface soil data are compared to the screening toxicity values using the protocoI as 
summarized in the risk assessment. In the HHRA, subsurface soils were evaluated for 
samples collected from 1 to 13 feet bgs, however, the following screening includes samples 
below 13 feet. 

TABLE 51 
Scil Data Summaly. December 2005 
S!JVMU 360Amended RFI Report 
Marine Corps Base Camp Lejeune 

Chemical of 
Screenba Potential 

Chemlcal Frequency Max Value loxicity ~ a L e *  Concern? 
Acetone 2/11 21.0 1412657 nc No 
cis-I ,2-Dichloroethene 2/11 17.0 4294 nc No 
Ethylbenzene 1/11 1.0 J 395000 sat No 
Methylcyclohexane 2/11 1.5 J 259106 nc No 
Tetrachlomethene 8/11 140.0 484 ca No 
Toluene 7/11 9.4 520000 sat No 
Trichlomethene 1/11 7.4 53 ca No 
Xylene, total 3/11 7.2 27063 nc No 

Notes: 
.I- Repwted value is estimated 
*Screeninn toxicitv values derived from USEPA Reaimn IX PRG Table. Version 9. Odaber 2004 for future residential use. 
~omarcir&nic.tena (nc) were dii-ided by 10 to"knml for potential additiveiffeds. Carcinogenic PRGs (ca) and soil 
saturation (sat) values ware nol adjusted. 

All values in pglkg 

Eight VOCs were detected, and all were below screening toxiaty values based on the 
USEPA Region LX PRGs. This screening, consistent with the approach used in the HHRA, 
supports the initial conclusions that soils do not pose a current or future risk or hazard for 
contact with these soils. 

5.2.2 Groundwater 
Several chemicals of potential concern were identified for groundwater in the HHRA. The 
primary contaminants of concern (COCs) were chlorinated solvents: TCE and PCE in 
shallow groundwater and TCE in the deeper aquifer. In addition, two other constituents 
that were identified as COCs in shallow groundwater were not furtherinvestigated: 

Arsenic was identified as exceeding the risk based saeening values and contributing 
to cumulative risk, however, the d u r n  detected concentration of 2.6 J pg/L in 
groundwater is below the maximum contaminant level (MCL) of 10 pg/L and the 
NCAC 2L standard of 50 pg/L. Thmefore, no further evaluation of this chemical was 
recommended. 

Similarly, heptachlor epoxide was detected above the MCL (0.2 pg/L) and the 2L 
standard of 0.0038 pg/L at one of four locations with a reported concentration of 0.45 
pg/L. This exceedance occurred in a sample where the highest concentration of TCE 
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was reported. It was concluded that this constituent is localized, and not a primary 
site related chemical. 

During 2005 and 2006,35 additional groundwater samples were collected and analyzed for 
VOCs. These results are summarized in Table 5-2. Sixteen VOCs were detected in one or 
more of these samples. Of these sixteen chemicals, the maximum detected concentration in 
eleven of these samples was below the 2L standards in all samples. 

TABLE 6 2  
Additional Groundwater Monitoring Result Screening 
SWMU 360 Amended RFI Report 
Manne Corps Base, Camp Lejeune 

Chemical Name 

Tetrachlomethene 

Trichlomethene 

Benzene 

as-I ,2-Dichloroethene 

Vinyl chloride 

Acetone 

Bmmodichlorornethane 

Carbon disulfide 

Chloroform 

Ethylbenzene 

Toluene 

USEPA Summary of Groundwater 
VOC Results 20052006 Potential 

Region IX Tap Groundwater 
2L Water PRG Freq Max Value COPC? 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

No 

No 

No 

No* 

No 

NO* 

Notes: 
All results In pglL 
J- Reported value is estimated 

VOCs- Volatile Organic Compaunds 
%hlomform and bmrnodichlormethane are trihalomelhanes h t  are abme the PRG, but below the NC 2L standard and not 
considered site related 

In the 35 samples, TCE and PCE were most frequently detected (23 and 24 detections 
respectively). These COCs were identified in the HHRA and remain the target chemicals for 
further groundwater evaluations. The maximum concentration of TCE was 200 J pg/L, 

AMENDED RFI TECT.RhWWC S3 
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higher than the maximum of 7.5 pg/L used in the HHRA. Similarly, the maximum PCE 
concentration of 3,200 fig/L is higher than 120 pg/L used in the HHRA. 

The additional data suggest that other COP& are present in groundwater. These include 
benzene, cis-1,2-DCE, and vinyl chloride. 

Benzene was detected in three samples, but exceeded the 2L standard in only one 
sample, the location with the highest TCE/PCE concentration. 

TCE/PCE degradation products 

o cis-1,2-DCE was identified as a COPC in the HHRA, but was not identified as a COC 
for future potable use of groundwater. Although it was detected frequently (24/35 
samples) in the more recent samples, it exceeded the 2L standard in only two of the 
35 samples. This again was at locations with elevated TCE and PCE concentrations. 
This parameter may continue to be evaluated in monitoring the spatial/temporal 
patterns of chlorinated solvents, but at the current time, concentrations infrequently 
exceed the 2L standard and average concentrations remain below this value. 

o Vinyl chloride is also an anaerobic biodegadation product of TCE/PCE. It was 
detected in 3 of the 35 samples, and exceeded the MCL in one of these samples. The 
2L standard is below the detection limit for this constituent. 

These data support the conclusion in the HHRA that future potable use of groundwater is 
likely to pose risks, primarily due to the presence of TCE/PCE. The additional data show 
higher concentrations of these COCs than previously measured, and also suggest that 
anaerobic biodegradation products may form that may contribute to overall risks. 

5.2.3 HHRA Review Conclusions 
The HHRA condusions regarding potential exposure to subsurface soils do not change with 
the additional data collected. The overall conclusion that future potable use of groundwater 
should be restricted is not changed. The data suggest that with the additional delineation, 
risks for long term potable use of water at the source would be higher than previously 
estimated, and that anaerobic biodegradation products may also contribute to overall 
estimates of risk. 

5.3 Amended RFI Conclusions 
The only contaminant of concern exceeding the SSLs in the soil at S W  360 is PCE. Soil 
contamination at SWMU 360 has been adequately delineated. Impacted soil is confined to an 
irregularly shaped area of approximately 165 f t  from east to west by 205 ft north to south. 
The impacted soil is located around the former UST area and extends underneath the 
southeastern end of Building 1817. Groundwater in the area is approximately 20 feet below 
the ground surface. 

The COCs in groundwater are PCE and TCE. Concentrations of daughter products 
cis-1,2-DCE (one location) and vinyl chloride (one location) have also been reported in the 
groundwater at concentrations exceeding the 2L groundwater quality standards, but are not 
considered to be COG for this site. 

MENDED RFI TEXT-FlW.WC 
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The horizontal extent of groundwater contamination has been adequately defined in the 
sidegradient directions (northeast and southwest), but not in the upgradient (northwest) 
and downgradient (southeast) directions. TCE and vinyl chloride exceed the groundwater 
quality standards in SWMU360-MW08, located approximately 370 feet upgradient of the 
source area. This indicates an upgradient source for some of the contaminants reported at 
SWMU 360. 

The vertical extent of gmundwater contamination has not been completely defined, as 
evidenced by exceedances of the groundwater quality standards in three of the five 
intermediate depth wells. Exceedances of PCE (SWMU360-MWOIIW and MWlOIW), TCE 
(SWMU360-MW02IW and MWIOIW) and vinyl chloride SWMU360-MWOZW) were 
reported. These wells are screened at a depth of 40 to 45 feet bgs. 

Benzene was also reported in shallow monitoring well 1817-MW01 at an estimated 
concentration of 13J pg/L. Several additional petroleum constituents and VOCs were 
detected at concentrations below all applicable regulatory standards. These contaminants 
are not considered to be COCs for this site. The benzene is located within the highest PCE 
concentrations, and contributes a minor risk compared to the PCE, which is considered 
more toxic. 

The existing HHRA (8aker 2005) was re-evaluated using the current soil and groundwater 
data in addition to the data previously collected. The conclusions regarding exposure to soil 
and groundwater at the site have not changed; there is unacceptable risk associated with 
residential exposure to site groundwater. 

5.4 Recommendations 
The subsurface soil at !3WhKJ 360 is a potential continuing source of PCE for the 
groundwater. CH2M HILL is currently performing a Corrective Measures Study (CMS) to 
evaluate methods for remediating the soil contamination. Results of the CMS will be 
presented under separate cover. 

Additional assessment of the horizontal and vertical extent of the groundwater plume 
should be undertaken. Horizontal delineation is complete in the sidegradient directions, 
but is lacking in the upgradient and downgradient directions. 
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Appendix B 

Analytical Laboratory Data for 
Soil and Groundwater Samples 



TOD SAMPLE ANALYSES 
CH2M Hill, Raleigh, North Carolina 

Camp LeJeune, SWMU 360 (CTO- 100, Mod 2) 
DATE TITRATED: December 20,2005 
DATE PREPARED: December 16,2005 

SAMPLES RECEIVED: December 16,2005 
OXIDANTS: Potassium Permanganate 

Sample ID Oxidant Oxidant Demand 
(glka - 

Potassium Permanganate 

Potassium Permanganate 

Potassium Permanganate 

Potassium Permanganate 

TOD is reported in grams of oxidant per kilogram of saturated aquifer material. 
TOD testing for permanganate completed per Haselow et al., 2003. Estimating the Total Oxidant 
Demand for In Situ Chemical Oxidation Design, Remediation, Autumn, 2003. All samples dosed 
at 10 g/kg except IS36, dosed at 15 g/kg. 

1006A MORRISVILLE PKWY, MORRISVILLE, NC 27560 TEL 919.460.0330 FAX 919.460.021 1 
WWW-REDOX-TECH.COM E-MAIL: HASELOW@REDOX-TECH.COM 



CTO-100 
SWMU360 Camp Lejeune 

December 2005 and January 2006 Validated GW Raw Data 

Notes: 

U Analyte not detected 

J- Reported value is eslimated 

Page I of 3 



CTO-100 
SWMU360 Camp Lejeune 

December 2005 and January2006 Validated GW Raw Data 

Notes: 

U- Analyfe not detected 

J- Reported value is estimated 

Page 3 of 3 



CTO-100 
MCB Camp Lejeune SWMU360 

Validated Soil Raw Data 
December 2005 

Page 1 of 1 



CTO-100 
SWMU360 Camp Lejeune 

December 2005 and January 2006 Validated GW Raw Data 

Notes: 

U- Analyte not detected 

J- Reported value is esbmated 

Page 1 of 3 



CTO-100 
SWMU360 Camp Lejeune 

December 2005 and January2006 Validated GW Raw Data 

Notes: 

U- Analyte not detected 

J- Reported value is estimated 

Page 2 of 3 



CTO-100 
SWMU360 Camp Lejeune 

December 2005 and January 2006 Validated GW Raw Data 

- -- 
--- - m y -  
. . r *  
..=-.s ..-- 
--* - * .= 

-.- 
6- - 

Notes: 

U- Analyte not detected 

J- Reported value is estlrnated 

Page 3 of 3 



CTO-100 
MCB Camp Lejeune SWMU360 

Validated Soil Raw Data 
Decemh~r 7005 

Page 1 of 1 



Appendix C 

Boring Logs and Well Construction Diagrams 







A W N ~ T :  $ W W  360 W d  Installation LOCATION: JWsanvil[g, NC 



SOIL BORING LOG 
PROJECT: SWMU 360 Wall InstaNatian LOWION: MCB Carno Leiwne Jacksonville. NC 
ELEVATION: PRILUNG CONTRAC+OR: Ck&d&,b Te- 

OMLUNG ME3"HOQ AND EQUIPMENR Geoprobe OPT 
WATER LEVELS: STARR 12/14106 08t0 FINISH: lZ?41(S5 1025 LWGER: James Frank 

DENSITY OR CONSISTENCY, SOIL FLUfD LOSS, TESTS AND 
SllW3"UaE, MINERALOGY fNSTRUMENTAWON 

Light btown, mngactan, medium densat molst 

Tan-orange. to rnedurn, medim dense, moisr 

Tw-wMte, fine, tome, moist 

Same as previous 

Same as previous 





PROJECT: SW MU 360 Wdl tnsta!lation LOCATION: MCB Camo Lefeune Jadcsonville. NC 
ELEVATION: DRlLUMG COWRAC7UR: m a t t  - Wolff 
DRILLING METHOD AND EQUIPMENT: HSA 4 . w  lD/M,ua RO&N 
WATER LEVELS: STMk 111 0106 Q810 FIMfSH: P1112/06 931 5 LOGGER: James Frank 

PROJECT NUMBER: 330653.FI.SG BORING NUMBER: SW MU-MW-0 
Sheet: 1 of 2 

SOIL BORlNG LOG 

SAMPLE 

F 
COMMENTS STANDARD 

PENETRAVON 

D E m  OF ;CASIIJo* 
DRILLING RATE, DRILLING 
FUllD LOSS, TESTS AND 

lMSTRlilMENTAnOlV 

PIDjF1D 
3.51/1.89 

2.m M -7T 

4.OW.32 

1.3111.66 

2.0510.98 

3.2914 -41 

SOIL DESCRIPTION 

salt wWte uscs't%QuP sYMt3QL, 
CQLOK, MQtSTURE CQMEWF, RELATWE 

DENBOY QR CONSISTENCY, SOlL 
STRUCTURE, MINERAUWY 

5~ 
ps m..: 
I P  

W w A (  

P P S B  
IY 
f? z 

,. w 

- 
- 

5- 

- 
- 
- 
- 

10- 

- 

- 

1 - 
15- 

- 

OcMlndSurfaGe 
@g$ (St@, Wt bam, fine to medhrm, lit& silt, 

€&tnge2an, 8ne, traoesim medium dense, damp 

Mht Brown, fan, fine* medium dense, damp to 
maist 

L$M tan to light gray, Ttttle silt medium dense, 
mot*tc wet 

e 
@ 
Z' 
1E 

- 
- 

- 

20- 

.. 
- 
- 
- 

25- - 

b 
k .  
9 
8 
B 

tight tan ta light gmy, fine to medium, no &It. 
medium dense. wet 

Same ae above 

TEsTREsuLm 

SH.Sn.Sw (rJ) 



~ROJECT: SWMU 360 Well Installation LOCATION: MCB  cam^ Leieune Jacksonville. NC 

ELEVATION: DRILLING CONTRACTOR: mtt - Wolff 
DRILLING METHOD AND EQUIPMENT: HSA 4.25" IDIMUD Rotary 
WATER LEVELS: START: 1/10/06 0810 FINISH: 0$/12/06 131 5 LOGGER: James Frank 

PROJECT NUMBER: 330653.FI.SG BORING NUMBER: SWMU-MW-09 
Sheet: 2 of 2 

SOlL BORING LOG 

t 

SAMPLE STANDARD 
PENETRATION 
TESTRESULTS 

6"-6nan (N) 

SOIL DESCRIPTION 

SOIL NAME, USCS GROUP SYMBOL, 
COLOR, MOISTURE CONTENT, R E W E  

DENSITY OR CONSISTENCY, SOIL 
STRUCTURE, MINERALOGY 

fan to yeflow, fine to medium cemented, shells, 
wett 

Tan to light orange, fine to medium, medium 
dense, wet 

Light gray to tan, fine to medium, medium dense, 
wet to saturated 

End of Boring at 45.0 

- 
- 
- 
- 

30- 

COMMENTS 

DEPTH OF CASiNG, 
DRILLING RATE, DRILLING 
FLUID LOSS, TESTS AND 

INSTRUMENTATlOPl 

2,62/0.76 

3.8812.93 

2.193.84 

I 

-I 
- 
- 
- 

35- 

-~ 
- 
- 
- 

40- 

- 
- 
- 

45 - 
- 
- 
- 
- 

50- 



PROJECT: SWMU 360 Well Installation LOCATION: _MCB Camp Leieune Jacksonville, NC 
ELEVATION: DRILLING CONTRACTOR: Panatt - Wolff 
DRILLING METHOD AND EQUIPMEIW HSA 4.25" 1DIMLID Rotarv 
WATER LEVELS: ,START: 9/9106 1200 FINISH: 1/1106 f730 LQGGER; Jmes Frank, 

PROJECT NUMBER: 330653.Fl.SG BORING NUMBER: SWMU-MW-10 
Sheet: 1 of 2 

i SOIL BORING LOG 

SOIL DESCRIPTION 
. 

SOIL NAME, USCS GROUP SYMBOL, 
COLOR, MOlStURE COhREWf, RELATIVE 

DENSIN OR CONSISTENCY, salt 
~ U G T U R E ,  MINERALOGY 

Grrxrnd sklqce 
81hr Sand (S*, Medium bmm to afari%e. 
medium dense, dry 

Sand (SW). LfgMbngmy&~L, fine, lame, damp 

STAPBDARD 
PENETMTIOM 
TEST RESULTS 

sw-6n-6" (N) 

3- 
!& 
BY 
t n  w 3  mtn 

d. v 

- 
- 
- 
- 

COMMENTS 

DEPTH OF CASING, 
IIRlUffi RATE, DRILLING 
FLUD LOSS, TESTS AND 

INSTRUMENTA~ON 

PlDfFlD 
5.3211 -83 

4.W0.62 

SAMPLE 

d 
2 4 % ~  

- 
1 

n z 
2 
g~ zF 

F 
3 
i5 
9 
8 
% 



1 

r.R&IEGT: SW MU 360 Wf. In~blfafion LOCATIW: JACB CamP leieune Jacbmnville, MC 
ELEVATION: DRILLING CONTRACTOR: E k &  - W e  
DRllLfNG METHOD AND EQUPMEW7. H5A 4.25" IDlMUD  rota^ 
WATER.LEVE= STARE llsaos l2W FIMIW: IE9lOSj- 1730 LOGGER: James Frank 

PR6JECT NUMBER: 330653.FI.SO 

L 

S4?Jt#PE SOU, DEgGFZleTRlN CQNlMENTS 
PENETRATION , 

SOIL NAME, USCS GROUP SYMBOL, DEPTH OF CASING, 
~OLOR, llgQlSTURE CONTENT1: RELATlVE URILUW RATE, DRlUIN& 

DENSHY OR ;CUN81S7ENGVs SOfL FLUID Fim* TESTS AlYD 
tr%'RuONRE, IINEWOGY I ~ U M E W T d n O w  

f 1 

- 
- 
* 

- 
30- 

- 

- 
- 

a- 
- 
- 

- 
- 
." 
- 

BORING NUMBER: SWMU-MW-lf). 
Sheet2 of 2 



PROJECT: SWMU 360 Welf Installation LOCATION: MCB Camt, Leieune Jacksonville. NC 

ELEVABON: DRILLING CQNTRAGTOR: B c W ~  - Wdff 
DRILLING MVIELTHOD AND EQUIPMENT. HSA 425' IDIMUD Rotary 
WATER LEVELS; START: 111 1106 1230 FINISH: 111 3/06 "15 LOGGER: James Frank 

PROJECT NUMBER: 33W,FI.SG BORING NUMBER: SWMU-MW-11 
Sheet: 1 of 1 

b, SOIL BORING LOG 

SAMPLE STANDPiRD 
PEMETRAT #OH 
TESTRESULTS 

@"'SW[N) 

i 

SOlL DESCRSPTION GQMMEWS 

PlWFlD 
3.0511.62 

n 1 Graund&utface 

sat, WE, uscs ORWP S'YNIBOL, 
CDLOIR, MOISTURE CONlEHT* RELATNE 

DEmlTY OR CONSISTENCY, SOIL 
STRUCTURE, Mt#ERALOGY 

Y 

- 

- 
- 

5- 

DEPTH OF C~~SIMC, 
DRlLLING RATE, DRILUWO 
FLUID LOSS, TESTS M D  

INStRtiNIEWATlQW 

S4Q Sand fSM), Medium bmm, ti rw, medium 
dense, damp 

Light brwyn-omnge, medium Berm,  damp - 



, ~OJECT: SWMU 381) Wdl I d a t i o f l  LOCATION: J K B  Camp teiwne Jacksunville, N%: 
ELEVATION: DWtL1MG CONTRBGTOR: &@att - Wolff 
WtLlNO ME'T'HCX3 AND EQUIPMEl!4T: HSA 425" 1DIMUD WQW 
WATERLEVELS: START: 311 4/08 0905 FfiNtSH: In lm 9 tm I,JXGE&: Snmes Frank 

PROJECT NUMBER: 330653.FI.SG BORING NUMBER: SWMU-MW-'12 
Sheet: I of 1 

SOIL BORING LOG 
a 



O cn IU 
33tI683.Fl.SG MU MW-08 SHEETI o f t  

.* 
WELL COMPLETJON DLCtGRAM 

6- Type somenlWer 
a) Quard3y W I  

7- Type &seal 
a) Quantity Used 

a) G~o&mkusecl Mtand Type 1 
b) MeW a! placeme Tram& 
c ) v o t ~ ~ t c a s h r g g m u  &=paas 



PROJECT NUMBER 

330fiB.FI.SG SWMU MW-O9IW SHEET t OF 1 

WELL COMPLETION DIAGRAM 

PRQIECT: SWMUB%OWellhkaiatbn LOCATloAl: MC;8 Camp Lefoune, Jac&wdII6, AL 
BRIWm-Tm P d * W o l f l  
DRlUIffi METHOD AMD MWMENT W. HSQ 4.= I t I M i U  ROWf 
~ f E R ~ ~  START: Ifl@tBOBtO END: ?It= tW t000ER Jaw# FraM 

7- Type crt seal 
4 Qua* 



WELL COMPLETION DIAGRAM 

WKUEGT: SWMU 960Well IMaDation LOCAlIWt W E  kmp Wuna, $ ~ v f I l o ,  AL 
DFUtLINGCUMTRACTOF?: P a - W o l R  
D R l U l N G M W A N D  EQLIIPMf3IlUSEO; HSA4;21igIDMMRalary 
WATaf l.EEEk START: l/IW l2l5 END:#IVIPIPBtW L~fERJarrrrsFran(r 

I 

Q Type meeo lilter W.- 
souantlty- Z k g S  

B~rPonite 3W 
1 bas 



WELL COMPLETION DIAGRAM 

@I L O C A W  MCB Camp l.eWm, Jac&aawmYAl PROJECT: SWMUSBOWdltPstalaU 
D R I L U N O ~ ~  PWaR-Wb 
DRIWW kllETHODAM EQUIPMENT USED: 
W a r n  I mlm* " 

a=- 1- Rotary 
fTd PT- 

7- Type dsd mnbniia W9 
4Qlfantltyused r baa 

barel~pnsnt method Overpun- 



330653SI.SG ~ W M U  PAW11 SHEET I OF t 

WELL COMPLETION DIAGRAM 

7 - ~ o f s s e l  5entadte 918" 
-d r bag 

~&aUnixmed Poltrand Type 1 
UMethoddptacament T ~ w M  
e)W.dWcssinggmut 3bags 

aaralgmsnt method ~vrup~m~/surge 



330553.Fl.SG SHEET 1 OF t 

WELL COMPLETlON DIAGRAM I 
PROJECT: SWMU %OW lnstagatiar LOCATION: MCB Camp l e j e u ~ ~ ,  J-* AL 
DRIWt4i3COMWiCTCWE Pw&bW& 
DRIUING WTHQD AMD ECiWWNT USE& HY% 4.26'1DW Rotary 
WATER LNELS: START: l/llhR 09q5 END: lnlloe llE0 LOOGBI: JamesFrank 

6- Type scresn f81er 
a) Quan\wy=d 

8- Qoul 
a) GIout mbc uwd P o t t ~ T y p e l  
b) Method 08 ptawmant Tm6a 
c) VoI bld well c a s i ~  gmul 2 bags 

tteveloymert method C 4 e ~ s u m e  



Appendix D 

Groundwater Sampling Sheets from 
January 2006 Monitoring Well Sampling Event 





















bias: 
VV$oither: 





wamvSh.* as- 

SAMPLE DATA 
-- 

j *i- Q 2 $* ' taw =o 





~5Aln.@~oc) 2. f'w D W :  
Depth to w w :  &[%8& Fr.(BTOC] i 
Water co~umn: gaz@ n, 

0A.W. 
, , 

Weif Vdmrr: w-f% 
Tatat Pme Val.: GAL, f 

i 

Purge D&oe: Crif~pump2 PepfsWc Pump 

Measuring Dw~c-B: 
Date and mec 



Number: 
u g& well ID: 

sample ID: 
Simqdtng f em: 

Weather: 

TOW Daptk ~* FT.PTOC) 
Depth . t ~  water: 3 FT.@TOCf 
Waer Coiurnn: 9-96  FT. 

jfl @,IF3 o m .  
wsn Velum: 
Total Plftgs Val*: 



Water Cofumnr 

Well Volume: 









Appendix E 

Hydraulic Conductivity Curves 











. . . . . . . 
- - . . . . . . . - . .- - - . 

Time (sec) 





TABLE 3- 2 

SUlUDIARY OF HYDRAULIC CONDUCTIVITY ESTIMATES 
SWMU 360 

RCRA FACILITY INVESTIGATION 
MCB, CAMP LWEUNE, NORTH CAROLINA 

Hydraulic Conductivity Estimate 
WellName Test Date R1 I R2 1 R3 I F1 1 F2 I Avg. Litholorv 

.. . . . . . . - . 

Notes: K values are in feet per day (ftlday) 
"Rl" refers to rising-head test #I, "F2" refers to falling-head test #2, etc. 
( ' ' ~ v e r a ~ e  of two lines 
 he KGS model did not fit R3 data, Bouwer & Rice used 
")'rest not valid, water level failed to recover to the initial level 

 h he KGS model fit R2 data, however estimates for R1 & R3 inconsistent with R2 and site lithology, and 
two orders of magnitude lower than historical estimates of that formation. Used Bouwer & k c e  for R1 & R3. 
Used Bouwer & Rice for R1 & R3. 

NT - No test preformed 
C-H - Sediments of the Castle Hayne aquifer 



Appendix F 

Laboratory Report for Geotechnical Analyses 



Client 
Client Project 
Project No. 
Lab ID No. 

PERMEABILITY TEST 
ASTM D 5084-90(Reapproved 1997) 

(SOP-S22A 8 SZB)  

CH2M HILL 
CAMP LEJEUNE 
200fja0&01 
2005-508-01 -01 

Boring No. SWMtf36O 
Depth {ft.) 14-16 
Sample No. MWlO 

TOTAL FLOW vs. ELAPSED TIME 

0.0 0.0 0.0 0.9 0.1 0.1 0i.7 0.t 0.2 

ELAPSED TIME, hrs 
-+-INFLOW --C- OUTFLOW 

PORE VOLUMES EXCHANGED vs. PERMEABILITY 

Tested By: MCW Date: 211RQ06 Cheoked By: 
Page t of3 & CT-P a ~ m  07-08-99 RMSION-P \U~~IWWM~ROJECT~WKWWR~-~D~ PERMJ~S~W&I 

f .OE-04 

p-" - - ---.- 

1.OE-05-e 

.--*+------ --- *-- * * *-* . , - -  , **< +*-.- - -  - .---- - - " -  .., -LA"--- "-- 

.I 
I 

. . . . . - , . . . . 
0.00 0-05 B. 'to 0.15 0.20 0-25 

PORE I@LUMES EXCHANGED 



Client 
Client Projed 
Praject No. 
Lab ID No. 

Visual Description: 

CH2M HILL 
CAMP LEJEUNE 
2006-508-0 1 
2006-508-01 -01 

MOISTURE CONTENT: 

LIGHT BROWN SAND 

Tare Number 
Wt. of Tare & WS (grn.) 
Wt. of Tare & DS (gm.) 
Wt. of Tare (grn.) 
Wt. of Water (grn.) 
Wt. of DS (gm.) 

Moisture Content (%) 

SPECIMEN: 

PERMEABILITY TEST 
ASTM D 5084-90(Reapproved 1997) 

(SOP-S22A & 5228) 

Wt. of Tube & WS (gm.) 
Wt. of Tube (grn.) 
Wt. of WS (grn.) 
Length 1 (in.) 
Length 2 (in.) 
Length 3 (in.) 
Top Diameter (in.) 
Middle Diameter (in.) 
Bottom Diameter (in.) 

Average Length (in.) 
Average Area (in.' ) 
Sample Volume (cm3 ) 
Unit Wet Wt. (gm.1 crn3 ) 
Unit Wet Wt. (pcf ) 
Unit Dry Wt. (pcf ) 
Unit Dry Wt. (grn.1 cm3 ) 
Void Ratio. e 
Porosity, n 
Pore Volume (cm3 ) 

Boring No. 
Depth (ft.) 
Sample No. 

BEFORE TEST 

Specific Gravity 
Sample Condition 

BEFORE TEST 

2.70 Assumed 
Undisturbed 

AFTER TEST 

AFTER TEST 

Tested By: MCW Date.: 211 12006 Checked By: 
Page 2 of 3 DCN: CT-n WE: 01-0g91) RM[SION,B t\Labl\ctZC#X PRQJECiW~-5~~20E-5D8-01-01 PERM3clsjSheetl 

2200 Westinghouse Boulevard Suite 105 Raleigh, MC 27604 * Phone (919) 876-0405 Fax (9191 876-0460 



Client 
Client Project 
Project No. 
lab f D  No. 

PERMEABILIW TEST 
ASTM D 5084-91yReapproved 1997) 

(SOPS22A 8 3228) 

CH2M HILL 
CAMP LEJEUNE 
2006-50801 
2006-508-01 -01 

Pressure W d s  (Constant) 
Top Cap (psi) 38.5 
Bottom Cap (psi) 40.0 
Cell (psi) 52.0 
Total Pressure Head (cm) 105.5 
Hydraulic Gradient 14.14 

Boring No. SWMU360 
Depth (ft.) I 4-1 6 
Sampte No. MW 10 

Final Sample Dimensions 
Sample Length (cm). L 7.46 
Sample Diameter (cm) 7.12 
Sample Area (cm2 ), A 39.84 
Inflow Burette Area (cm2 ), a-in 0.882 
Outflow Burette Area (em2 ), &out 0.880 
B Parameter (%) 83 

AVERAGE PERMEABILBTY = 7AE-05 cmEsec @ 20°C 
AVERAGE PERMEABILITY = 7AE-07 misec @ 20'42 

TEMP. RATE TIME ELAPSED TOTAL TOTAL TOTAL FLOW 
TlME INFLOW OUTFLOW HEAD 

t h (Oflow) 
(mmldd/yy) (hr) (min) (hr) (cm"' (an3$ (m) ( I stop ) , ( O C f  
2/JJ2006 9 27 0.0 0.0 0.0 $30.3 0 20'5 
2/1/2006 9 28 0.0 2-0 1.9 125.9 0 20.5 
aflm)-06 9 29 0.0 5.3 5.0 118.7 0 20.5 
211moe 9 30 a. I 7 3  7.7 112.7 o 20.5 
'Lf1mK)B 9 31 0.1 10.3 9.9 107.5 0 20.5 
2/112006 9 32 0.1 12.7 12.3 102.1 0 20.5 
2/1/2006 9 33 0- 1 14.9 14.5 97.1 0 205 
2/1/2006 9 33,5 0.1 16.0 15.5 94.7 0 20.5 
2/1/2006 9 34 0.1 17.1 16.5 923 0 20.5 
2/1/2006 9 34.5 0.1 18.2 17.6 89.8 0 20.5 
U112006 9 35 0-1 19-3 18.7 87.4 0 20,s 
2/1/2006 9 35.5 0.1 20.3 19.7 85.1 0 20.5 
2/1/2006 9 36 0.2 21.3 20.7 828 1 20.5 

INCREMENTAL 
PERMABILITY 

@206C 
( d s = )  

NA 
4-7E-05 
8.OE-05 
7.OE-05 
6AE-06 
7.OE-05 
6.8-E-05 
6.7E-05 
6.9E-05 
7.4E-05 
7.6E-05 
7.1 E-05 
7.3E-05 

Tested By: MCW Date: 2/1/2006 Checked By: ~buf& 
Page 3 af 3 DGN. CT-22 DA+E:Q~-O&SQ ~?WISON~ \uab~\cuoos ~ M ~ 1 - 0 1  P E R M . ~ S ~ S ~ ~ ~ T  



Client 
Client Project 
Project No. 
Lab ID No. 

PERNIEA8lLITY TEST 
ASTM D 5084-90fReapproved 1997) 

(SOP-S22A & S22B) 

Ctl2M HILL 
CAMP LEJEUNE 
2006-508-01 
2006-fi08-01-02 

Wing No. SWMU360 
oepth (ft.) 9.5-40.0 
S~mpteNo- MW09 

AVERAGE PERMEABfLlTY = 1-1 €43 cmlsec I@ 20% 
AVERAGE PERMEAElKlTY = l.lE-05 mlaec @ 20% 

TOTAL FLOW us. ELAPSED TIME: 

ELAPSED 'TIME, hrs 
+INFLOW +OUTFLOW 

PORE VOLUMES EXCHANGED vs. PERMEABILITY 

PORE VOLUMES BCHANGEO 

TestedBy: MCW Dab: 4/30YL006 Checked By: Date: 1-24 
Page 3 of 3 m: c+-22 DATE OI-GESB R M G K ) ~ ~ ~  \ \ L B ~ ~ M w ~  P W E C T S W C S ~ ' I - O ~  -4- 

2200. Wtinghsuse Beruievard Suik 105 Weigh, NC 27606 Phwaer @I@) )57&@?0!3 Fax @3'92@ %7S-&W 



PERMEABILITY TEST 
ASTM D 5084-90(Resppraved 1997) 

(SOP-S22A & S228) 

Client 
Client Project 
Project No. 
Lab ID No. 

CH2M HILL 
CAMP LEJEUNE 
2006-508-0 1 
2006-508-0 1 -02 

Boring No. 
D*h (*.I 
Sample No. 

Specific Gravity 
Sample Condition 

2.70 Assumed 
U ~ i s t u r b ~  

V i i l  Description: E3ROWN SAND 

MWTURE CONTENT: BEFORE TEST AFTER TEST 

Tare Number 
Wt. of Tare & WS (gm.) 
Wt. of Tare & DS (gm .) 
Wt, of Tare (gmJ 
Wt. of Water (gm.) 
Wt. of DS (gm.) 

Moisture Content (I) 

SPECIMEN: BEFORE TEST AFTER TEST 

Wt. of Tube & WS (gm.) 
Wt. of Tube (gm.) 
Wt. of WS (gm.) 
Lmgth I (in.) 
Length 2 @.) 
Length 3 @n) 
Tap Dbmeter (in.) 
Middle Diameter [in.) 
Bottom Diameter (in.) 

Average Length (in.) 
Average Area (in2 ) 
Sample Volume (an3 ) 
Unit Wet Wt. (grn.1 cm3 ) 
Unit Wet Wt. (pcf ) 
Unit Dry Wt. (gcf ) 
Unit Dry Wt, (gm.! em3 ) 
Void Ratio, e 
~oiosity, n 
Pore Votume (em3 ) 

Tested, By: MCW Date: It3012806 Chiecked By: 
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Client 
Cfient Project 
Project No. 
Lab tD No. 

PERMEABILITY TEST 
ASTM 13 5084-9O(Reapproved 1997) 

(30PaS22A & S22B) 

CH2M HILL 
CAMP LEJEUNE 
2006-508-0 1 
2006-508-0 1-02 

Pressure Heads (Constant) 
TOP QP (psi) 38.5 
Bottom Cap (psi) 40.0 
Cetl (psi) 48.0 
Totat Pressure Head (cm) 105.5 
Hydraulic Gradient 15.82 

DATE 

Boring No. SWMU360 
D s @ ~  (ft.) 9.5-10.0 
Sampte No. W O Q  

Final Sample Dimensions 
Sample Length (em), L 6.67 
Sample Diameter (cm) 7.45 
Sample Area (cm2 ), A 43.62 
Inflow Burette Area (cm2 ), a-in 4.906 
Outflow Burette Area (cm"), a-out 4.570 
B Parameter (%) 65 

T tW ELAPSED 
TIME 

t 
[mmlddfyy) (hr) (min) (hr) 
U1/21#)6 5 1 51.5 0.0 

TOTAL 
INFLOW 

TOTAL 
OWFLOW 

TOTAL 
HEAD 

h 

FLOW TEMP. INCREMENTAL 
PERMEABILITY 

(Oflow) Q 20°C 
( I slop ) ( O C )  (cmlsec) 

0 21,8 NA 
0 21.8 f -1 E-03 
0 21.8 9.9E-M 
0 21.8 1 .I E-03 
1 21 -8 1.1 €43 

Tasted By: MCW Date: 113012006 Checked By: Date: k29 
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Client 
Client Project 
Project Na. 
Lab ID No, 

PERMEABILITY TEST 
ASTM D 5084-=(Reapproved 1997) 

(SOP-S22A 81 S22B) 

CHPM HELL 
CAMP LEJEUME 
2006-508-01 
2006-508-0 1-03 

Boring No. SWMU360 
Depth (ft-) 3.54.0 
Sample No. SB33 

AVERAGE PERAIIEABILITY = 4.6E-04 cmlsec @ 20°C 
AVERAGE PERMEAB1LITY = 4.6E-06 dsgc @ 20% 

TOTAL FLOW vs. ELAPSED TIME 

0.0 0.1 Q- 1 0.1 

ELAPSED mME, hrs 
-4- INFLOW +OUTFLOW 

PORE VOLUMES EXCHANGED vs. PERM€ABILIT"Y 

PURE VOLUMES EXCHANGED 

Tested By: MCW Date: 1/30/2GOB Chscked By: Date: 
Page 2 0f 3 -CT-22 DATE. O1..0gBB REVWQN-2 % U b l \ l 4 2 0 Q g ~ ~ ~ 5 0 8 - 0 1 + 3  W W *  
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Cfient 
CIient Project 
Projxt No. 
Lab fD No. 

Visual Description: 

CH2M HILL 
CAMP LEJEUNE 
2006-508-01 
2006-508-01 -03 

BROWN SAND 

MOISTURE CONTENT: 

Tare Number 
Wt. of Tars & WS (gm.) 
Wt. of Tare & DS (gm.) 
Wt. of Tam (grn.) 
W t  of Water (gm .) 
Wt. of DS @m.) 

Moisture Content (%) 

SPECIMEN: 

PERMEABILITY TEST 
ASTM D 5084-$Q(Respproved 1997) 

(SOP-922A & SZB) 

Wt-of Tube& WS (grn.) 
Wt. of Tube (gm.) 
Wt. of WS (grn.) 
Length I (in.) 
Length 2 (in.) 
Length 3 (in.) 
Top Diameter (in.) 
Middle Diameter (in.) 
Ebttom Diameter (in.) 

Average Length (in.) 
Average Area (in.' ) 
Sample Volume (m3 ) 
Unit wet wt. (grn.1 cm3 ) 
Unit Wet Wt. (pcf ) 
Unit Dry Wt. (pcf ) 
Unit Dry Wt. (gm.1 cm3 ) 
Void Ratio, e 
Porosity, n 
Pore Vofume (cm3 ) 

Boring No. 
Depfh Cft-1 
Sample No. 

Specific Gravity 
Sampte Condition 

BEFORE TEST 

BEFORE TEST 

2.70 Assumed 
Undisturbed 

AFTER TEST 

Tested By: MCW Date: 113012006 Checked By: Date: 
Page 2 of 3 EN: ~ ~ - 2 2  DATE: 01-08-39 ~SWJONX \V~I~?WQOO~ P R U . J E C T ~ W ~ - ~ ~ ~ I  -03 ~ ~ ~ ~ & ~ f s l ~ r r e c a t l  
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Cjient 
Client Projjed 
Projed No. 
Lab ID No. 

PERMEABILIN TEST 
ASTM D SU&Q-9Q(Reapptoved 1997) 

(SOP-S22A 8 S22B) 

CH2M HILL 
CAMP LEJEUNE 
2006-508-0 1 
2006608-0 1 -03 

Pressure Heads {Consbnt) 
fop Cap (psi) 38.5 
Bottom Cap (psi) 40.0 
Wl (psi) 44.0 
Total Pressure Head (cm) 105.5 
Hydraulic Gradient 13.60 

Boring No. SWMU360 
Dqth (Pt.) 3.5-4.0 
Sample No. SB33 

Final Sample Dimemions 
SampEe Length fan), t 7.75 
Sample Diameter (em) 7.20 
Sample Area (cm2 ), A 40.74 
Inflow Burette Aaea (cm2 ), a-in 4.889 
Oufflow Burette Area (cm2 ), a-out 5.078 
B Parame* (%) 93 

AVERAGE PEFUWIEABILrrY = 4.6E-04 cmlsec @? 2OVC 
A V E W E  PERMEABILITY = 4.6E-06 mkec @ 20% 

DATE TIME ELAPSED TOTAL TOTAL TOTAL FLOW TEMP. INCREMENTAL 
TIME INFLOW OUTFLOW HEAD PERMEABILITY 

t h (Oflow) @ 20% 
(mmfddfyy) (hr) (min) (hr) {ms) (cmSi (em) ( 1 stop ) ( OC) (cmlsec) 
2/lMOU6 3 27 0.0 0.0 0.0 126.5 0 21.1 NA 
2/1/2006 3 28.5 0.0 14.8 17.1 120.1 0 21 -1 2.76-04 
2/1/2006 3 29.5 0.0 32.2 34.8 I 13.1 0 21 -1 4.7E-04 
2/1/2CN)6 3 30 0.0 40.4 44.0 109.6 0 21 .I 4.8E-04 
2/1/2006 3 30-5 0.1 $8.6 51 *4 $06.5 0 21,1 4.5E-04 
2/1/2006 3 31 0.1 56.3 60.0 103.2 0 21 .I 4.8E-04 
2/1/2oOS 3 31.5 0.1 62.8 68 .O 1003 0 21 -1 4.4E-04 
2/1/20Q63 3 32 0.1 70'5 75.4 97.3 0 21 -1 4.7E-04 
211M005 3 32.5 0.1 77-0 82.8 94.5 1 21.1 4.5E-04 

Tested By: MCW Date; 1/30m)(16 Checked By: oat@: -M 
Page 3 of 3 CCM m-22 ME. 01.08-98 REWSK)NZ  ODE P R O J E C T S ~ - I ~  ~ m w . . x l ~ f ~ ~ e e t d  
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technics 
SIEVE AND HYDROMETER ANALYSIS 

ASTM D 422-63 (SOP-S3) 

Client CH2M HtLL 
Client Reference CAMP LEJEUNE 
Project No. 2006-508-01 
tab ID 2006-508-01 -0 1 

Boring No. 5WMU3fSQ 
Depth (ft) 15.5-16 
Sarnpls No. MW10 
Soil CoJor LIGHT BROWN 

S 1 W  M A  LYSlS HYDROMETER 
cobbles 1 gravel I sand I silt and clay fraction 
eobbtes g ~ d  I sand silt [clay 

USCS Summary 
i e v e  S i i  (mm) Percentage 

Greater Than #4 Gravel 0.00 
#4TutMOO Sand 71.36 
finw Than WOO Sirt & Clay 28.64 

USCS Symbd sm, ASSUMU) 

USGS Classification srttvs~w 

2200 Q bbaffQ = S&e 3.05 - W8i@, NC Z X W  * Phone (@1Q] 8878-Wa6 1. Fax 19151) 878-04fX 



Client 
Ciient Reference 
Project No. 
Lab tD 

USDA CLASSIFICATION CHART 

CH2M HILL 
CAMP LE JEUNE 
2006-M)8-01 
2006-508-0 2-01 

Boring No. SWMU360 
Depth {ftftj 15.51 6 
Sample No. W l 0  
$oil Color LIGHT BROWN 

USDA SUMMARY Actual Corrected % of Minus 2.0 mm I 
Percentage material for USDA ClasslRcat. 

USDA Classification; SANDY LOAM 
i I 
page 2 of 4 D Q ~  CTS~P DATE~IYW REVISION 8 ubr\61mos ~ ~ d l ~ 2 0 0 6 ~ . 0 1 - 0 1  #lo wg wa mv a kysheetz 
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WASH SIEVE ANALYSIS #I0 SPLIT 
ASTM D 422-63 (SOP-53) 

Client CH2M HILL 
Client Reference CAMP LEJEUNE 
Pruject No. 2006-508-01 
Laif, ID 2006-508-01 -0 1 

Boring No. SWMU380 
b p t h  [ft) 15.5-16 
Sample No. Ml O 
Soil Color LIGHT BROWN 

MoisNre Contentlsieve +I0 Mateiral Moisture Content for Hydrometer Portion 

Tare No. 208 Tare No- 1-1 
Wgt.Tare + Wet Soil (gm) 341.41 Wgt.Tare *Wet Soil (gm) 37.08 
WgtTare + Dry Soil (gm) 317.10 Wgt.Tare + Dry Sail (gm) 36 '95 
Weight of Tare (gm) 169.83 Weight of Tare (gm) 22.08 
Weight of Water (gm) 24.31 Weight of Water (gm) 0.13 
Weight of Dry Soil (gm) 147.27 Weight af Dry Soil (gm) 14.87 

Moisture Content (%) 16.5 Moisture Content (Ye) 0,9 

Soil Specimen Data 
Wet Weight +#I0 Allaterial (am) 1 71 -58 Weight of the Dry Sample (gmf 196.84 
Dry Weight +#lo Mate&!(gm) 947.3 Weight of minus #200 material (gm) 14.20 
Wet Weight Hydro. Material.(gm) 50,W Weight of plus #200 material (gm) 182.64 
Dry Weight Hydro. Material (grn) 49.57 
Total Dry Weight Sample (gm) 196.84 J-FAMoR (%FINER THAN #la) 1*0000 

a 

Notes : 

Tested By JGC Date 1/30/2006 Checked By Date 2-6-26 
p a p  3 of 4 DCN: GiSJP MYE?mrlW5 REYISIOElr6 lILablW20[W PR(XIECTSWJ6-508t[~W8.01-(If KlQSp#Hyfkrev B.xl.@@&l 



Client CH2M HILL 
CIbnt Reference CAMP LEJEUNE 
Project No. 2006-508-01 
tab ID 2008-508-01-C)l 

chnics 
INTEGRJN 1t-d TIMfPbG 

Bming No. SWMU360 
Depth (fl) 1 5.5-1 6 
Sample No. MW.IO 
Soil Color LIGHT B R O W  

Piapa;ed R Temp. Cmpoalte R N K Dkm&w N' 
Time Measured 4°C)  CormdionCorrected 1%) Fa- (mm) 1%) 
{min) 

0 NA NA NA NA NA M MA NA NA 
2 17.0 17.0 21 .I 4.64 12,4 24.7 0.01327 6.0345 24.7 
5 16-0 21 .I 4.64 $1.4 227 0.01327 0,0219 22.7 
15 152 21.1 4.64 10.6 2 0.01327 @-U12? 21 -1 
30 14.2 21.0 4,437 9.5 19,O 0.0-1328 0.W1 19.U 
60 14.0 21 .O 4.67 9.3 18.6 0.01328 0.0064 18.6 
259 13.0 21 -0 4.67 8.3 16-6 0.01328 0.0Q32 4 6.6 
144Q 12.0 21 -0 4.67 7.3 14.6 0.01328 0.0013 143 

Mote: 

Sail Specinn Dab m w  CowBctions 

Tare + Dry Material (gm) a - Fador 0.98 
Wemt of Tare (gm) 
Weight of Deflocwlant (gm) Percent Finer than # 10 160.00 
WeiElht of Dry hdawial (gm2 

Specific Gravity 2.7' Assumed 

Tested BY MCW 
&&&,q 

Date 2211 f2006 Checked By Date 2-10 a 
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SIEVE AND HYDROMETER ANALYSIS 
ASXM D 422-63 (SOP-S3) 

Uient CH2M HILL 
Client Reference CAMP LEJEUNE 
Ptoj- IUo. 2006-508-01 
Lab ID 2006-508-0 1 -02 

Boring No. SWMU3W 
Depth(8) 8-10 
Sample No. MWDS 
Soil Cofw LtGHT BROWN 

SEVE ANALYSIS HYDRWETER 
c;obb~es 1 a m 1  I sattd I silt artd clay fraction 
cobbles gravel 1 sand silt [clay_ 

I6 1 0.3 0.01 0.001 
Particle Diameter (mm) 

Finer Than M O O  

sp, ASSUMED w O =  0.135 

212W 'bvestihghotise B o w &  * SuitPr f 05 * RRzati,  NC 27604 Pbw @?if@ $76-WX * Fax (93% 8%- 



Client 
Client Reference 
Project No. 
tab ID 

USDA CLAS$IFICATIQN CHART 

CH2M HILL 
CAMP LEJEUNE 
2006-508-01 
2006-5084 1-02 

Boring No. SWMU360 
Depth (8) 8-90 
Sample No. MWU9 
Soil Color LIGHT BROWN 

( PERCENT SAND 

P d c b  Percent USDA SUMMARY Actual Corrected % of Minus 2.0 mm 
Size (mm) finer Percentage matwlal for U S M  Claasificat 

Gravel 0.04 
2 99.96 Sand 96.27 

0.05 3-69 Silt 0.61 
0.002 3.08 c& 3.08 

USDA Classifidion: SAND 
I I 
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WASH SIEVE ANALYSIS #."to SPLIT 
A s T M  D 422-63 (SOP-S3) 

Client CH2M HILL 
Client Reference CAMP LEJEUNE 
Project No. 2006-508-01 
Lab ID 2006-508-0 I -02 

Boring No. SWMU360 
Depth (ft) 8-20 
Sample No. MW09 
Soil Color LIGHT BROWN 

Moisture Contentlsieve +10 MaterSal Mokture  Content for Hydrometer Portion I 
Tare No. 250 Tare No. 7-1 
Wgt.fare + Wet Soil (gm) 303.90 Wgt.Tare + Wet Soil (gm) 36.95 
WgtTare + Dry Sail (gm) 297.30 W~t.Tare + Dry Soil (gm) 36-85 
Weight of Tare (gm) 160.35 Weight of Tare (gm) 21.95 
Weigttt of Water (gm) 6.60 Weight of Water (gm) 0.10 
Weight of Dry Soil (gm) 127.95 Weight uf Dry Soil (gm) 14.90 

Moisture Content (9%) 5 2  Moisture Content {%) 0,7 

S6il Specimen Data 
et Weight +#lo Material (gm) 134.55 Weight of the Dry Sample (gm) 177.62 

Dry Weight +#lo Matdal(gm) 128.0 Weight of minus #ZOO material (gm) 1.86 
Wet Weight Hydro, Material.(gm) 50.00 Weight of plus #ZOO material (gm) 175.76 
Dry Weight Hydro. Material (gm) 49,67 
Total Dry Weight Sample (gm) 1 n.62 $-FACTOR (Y'INER THAN #lo) 0.9996 

Sieve Sieve Wgtof Soil Percent Acamuiateci Pemnt ~culmulated 
Sire Opening Retained Retained Percent Finer Percent 

(mm) Retained Finer 
(gm) (%I (%) (94) f%) 

4 2" 300 0.00 0.00 0.00 100~00 r00.00 
6" 150 0.00 0.00 0.00 t00.00 100.00 

. 3" 75 0.00 0.00 0.00 700.00 1w.00 
2" 50 0.N 0.00 0.00 100.00 100.00 

1 1/2" 37.5 0.00 0.00 0.100 .fOQ.OO 100,OiO 
1" 25.0 0.00 0.00 0.00 100.00 100.00 

314" 19.0 0.00 0.00 0.00 ~M) .OO *foo.oo 
IM" 12.5 0.00 0.00 0.00 100.00 100.00 
318* 9.W 0.00 0.00 0.00 1 00.00 100.00 
#4 4.73 0.00 0.00 0.00 100.00 100.00 
#10 2.00 0.05 0-04 0.04 S.96 99.98 
#20 0.85 0.1 1 0.22 0.22 99.78 99.74 
W 0.425 0.21 0.42 0.64 99.36 99.32 
#60 0.250 2.09 4.21 4.85 95.1 5 91.1 1 
tic140 O.lOf3 4.95  90.50 95.36 4.64 4.64 
#ZOO 0.Q75 0.45 0.91 96.26 3.74 3.74 
Pan - 1.86 3.74 100.00 - - 

Tested By MCW Date 1/3Q/2006 Checked By hf Date 2-b-4 
Page 30f4 O W  CT-SS? DATESZ/?SWi R E W S ~ b f \ C 1 2 W 6 ~ E C T S 1 X 1 0 6 5 Q 8  CMM HlU3@$?&50801-02 #to SpIBHydtO ~ g v  8*Is-1 



CSient 
Client Reference 
Project No. 
Lab tD 

HYDROMETER ANALYSIS 
AsTM D 422-83 (SOP-S3) 

CH2M HILL 
CAMP LEJEUNE 
2006-508-0 1 
2006508-01-02 

Boring No. SWMU360 
Depth (ft) 8-10 
Sample No. MW09 
Soil Color LIGHT BROWN 

Elapsed R Temp. Cornpasite R N K Diameter El' 
nrne f k k a ~ u ~ d  (OC)  CMTeetDonCcmwted [K )  Factof (mm) (%)  
[mill) 

0 MA NA MA NA MA NA f4A NA NA 
2 8.5 6.5 21 .O 4-67 1B 3.7 0.01328 0.0367 3.7 
5 6.5 21 .O 4.67 I .8 3.7 0.01328 0.0232 3.7 
15 6.5 21.0 4.67 I *8 3.7 0.0132% 0.0134 3.7 
30 6.5 21 .0 4.67 1.8 3.7 0.01328 0.0095 33 
60 5.5 21 .O 4.67 1.8 3.7 0.01 328 0.0067 3.7 
250 6.5 20.8 4-72 1.8 3.5 0.01332 0.0033 3.5 
1444 6.1 20.8 4.72 1.4 2.7 0.01332 O.bQ14 a,? 

Note: 

Soil Specinten Data Qt4er CQ#- 

Tare + Dry Material (gm) a - Fador Q.99 
Weight of Tare ( ~ m )  
Weight of Defimwlant (gm) P w w t  Finer than # 10 913.96 
Weight of Dry Material (gm) 

Specific Gravity 2.7 Assumed 

Tasted By MCW Date 2/1/2006 Checked Sy rdif4j Date 
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SIEVE AND HYDROMETER ANALYSIS 
ASTM D 422-63 (SOP-33) 

technics 
lNTEGRfM IN TESTRdG 

\ 

Client CH2M HILL 
Client Reference CAMP LEJEUNE 
Project No- 200f3-50801 
Lab ID 2006-508-0143 

Boring No. SWMU3m 
Depth (ft) 2-4 
Sample No, SB33 
Soil Cobr BROWN 

Finer Than #200 7.71 

D30 = 0.135 

Boa W s t i W b e  i3mkwarel Soits 405 * Raieigff-i, NC 27604 * Phone (919) B7ft-Wm Fax (919) 87894130 



Client 
Client Reference 
meet No. 
Lab $0 

USDA CLASSIFICATION CHART 

CH2M HlLL 
CAMP LEJEUNE 
2006-508-0 1 
2006-50841 -03 

Boring No. S\NML1360 
Depth (ft) 2-4 
Sample No. SB33 
Soil Cdor BROWN 

Particle Percent USDA SUMMARY actual Corrected % uf Minus 2.0 rnm - 
,Size (mm) Finer Percentage material for USDA Ctassifiieat. 

Gravel 
Sand 
silt 

Ctay 

USDA Classification: SAND 
I 

page 2 of 4 
.J 
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WASH SIEVE ANALYSIS #? 0 SPLIT 
Asrhn D 422-63 (SOP-S3) 

technics 
IWTEC;R:tTY IN fESTiNG 

Ciient CH2M HILL 
Client Reference CAMP LEJEUNE 
Project No. 2006-508-01 
Lab ID 2006-508-01 -03 

Boring No. SWMU360 
lkpth fl) 2-4 
Sample No. 5833 
Soil  Color BROWN 

Moisture ContenIlsieve +I 0 aAateiral Moisture Content for Hydrometer Portion 

Tare No. G-5 Tam No, V-1 
WgLTare + Wet Soil (grn) 250.45 WgLTare + Wet Soil (gin) 3696 
Wgt.Tare + Dry Soii (grn) 243.80 Wgt-Tare + Dry Sail (gm) 36.90 
WeigM of Tare (gm) 147-83 Weight of Tare (gm) 21.94 
Weight of Water (gm) 6.65 Weight of Water (gm) 0.06 
Wdght of Dry Soil (gm) 95-97 Weight of Dry Wl (gm) 14.96 

Moisture Content (%) 6.9 Moisture Contertt f%) 0.4 

Sol Specimen Data 
Wet Weight +#I0 Material (gm) 102.62 Weimt of the Dry Sample (gm) 145.77 
Dry Weight +#90 Materiatm) 96.0 Weight of minus #200 material (gm) 3.84 
Wet Weight Hydro. Mateflal.(gm) 50.00 Weight of plus a 0 0  material (gm) 141.93 
Dfy Weight Hydro. Material (gm) 49.00 
Total Dry Weight Sample (gm) 145.77 J-FACTOR (%FtNER THAN #I 0) 0.9993 

Tested By JGC Date 2/3/2006 Checked By ~f Date 2L?PkE;dI; 
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\ 

Sieve Sieve W@of Soil Percent Amundated Pemnt Accumulated 
Size Opening Retained Retained Percent Finer Percent 

(mm) Retained FIner 
(grn) (%I (%) (%) (%) 

12" 300 0.00 0.00 0.00 100.00 lWI.00 
8' 150 0.00 0.00 0,00 1W.00 1Q0.00 
3" 75 0.00 0.00 0.00 100.00 t00,OO 
r' 50 0.00 0.00 0.00 lOO.cfo 100.00 

1 1IY 37.5 0.m 0.00 0.00 100.00 100.00 
1" 25.0 0.00 0.00 0.00 100.00 190.00 

34" 19.0 0.00 0.00 0,OO 100.00 1QO.OQ 
I /2" 12.5 0.00 0.00 0.00 1 013.00 1 00.00 
3f8" 9.50 0.00 0.00 0.00 1 00.00 100-00 
#4 4.75 0.00 0.00 0.00 1 00.00 100.00 

#1 Q 2.00 0.07 0.07 0.07 99.93 99.93 
#20 0.85 0.49 0.98 0.98 99.02 98.94 
#40 0.425 2.27 4.56 5-54 $4.46 98,39 
#60 0.250 5.06 10.96 15.70 84-30 84.24 
#I40 0.106 37.65 75.60 91.30 8.70 8.69 
#200 0.075 0.49 0.98 92.29 7.7 1 7.71 
Pan .P 3.84 7.71 100.00 - . A 



Client 
Client Reference 
Project No. 
Lab ID 

HYDROMETER AMALYSlS 
ASTM O 422-63 (SOP-S3f 

CH2M HILL 
CAMP LEJEUNE 
2008-508-0 1 
2006-508-01 43 

Boring No.. SWMU360 
Depth (ft) 2 4  
Sampte No. 5633 
Soil Color BROWN 

= w a d  R Temp. Composite R N K Diameter w 
Time Measured ( " C )  Comdon Gorrected ( 5 4 )  Fa-r (mm) ( % )  
(min) 

0 NA NA NA NA NA NA ~m NA NA 
2 9.0 8.5 21 .O 4-67 3,8 7.6 0,01328 0.0363 7.6 
5 8.5 21 .O 4.67 3.8 7.6 0.01328 0.0229 7A 
15 8.5 21.0 4.67 3.8 7.6 0.01 328 0.0332 7.6 
30 8.0 21 -0 4.67 3.3 6.6 0.01328 0.0094 6.6 
60 8.0 21 -0 4.67 3.3 6.6 0.01328 0.0066 6.6 
250 8.0 20.8 4.72 3.3 6.5 0.01332 0,0033 6.5 
1440 7s 20.8 4-72 2.8 5-5 0.01332 0.0014 5 5  

Soil Specimen Data Other Corrections 

Tare + Dry Materiat (gm) 49.80 a - Factor 0.99 
Weight of Tare (gm) 0 
Weight of Deflocculant (gm) 5.13 Percent Finer than # 10 99.93 
Weight of Dry Material (grn) 49.80 

Specific Gravity 2.7 Assumd 

Tested By MCW Date 2/1/2006 Checked By B~M Date 2-& -.@& 

Paw 4 of4 Om. CT.xIp D A ~ W ~ R M S t l Y l b f I L ? ~  PRQilECTWMOE W2011WML~2608561M7-03 #?D SpIfi +&a~rev&I.!#Sts~t 

2200 Westinghouse Boulevard - Suite 105 Raleigh, NC 27604 Phone (919) 876-0905 Fax (919) 875-6460 



Appendix G 

Chain of Custody Forms and 
Data Validation Summary Reports 





















Pxoject: SWMU 469, S W  423, SWMU 43, Carnp Lejetme fCTCT 
1 001, Jacksonviile, North Carolina 

bboratory: Shedy Enviromental Sexvicest Inc, 
Sample Delivery Gmup: GL14015 
]Fra&un: Organic 
Ma- Solid 
Rep& Date: 3/6/2006 

This analytical q d t y  assurance report is b d  upon a review af 
analytical data generated for sail samples. The sample locationsj 
laboratory i(d@ca%iox1 numbem? sample culledion dates, sample matrix, 
and analyses performed ase presented in Table 1. 

The samples were and+ for vokzite organic compounds and 
aemrzivoktde organic wmpmds. The sample d y s e s  were perfosmed in 
amordance with fhe procedm outbed in "Test M w  fat Evaluathg 
Sfid W@e8", S W W J  third &tioar Promulgated Updates B, HAF artd mf 
June 1987. 

AIP sample analyses have undesgone an analytical quality assurance 
3.euiew to ensure the r e q d r d  p f o t d .  ResdZs have ken 
v&&W or ~ f i e c l  according to general guidance pzovided ist the 
R@fVrn&d~to%WryDataV~tionFdod 
GuideLines h r  V-Wg Organic Analyses", USPA 9/94. This 
d-t s p e t i f i e s p d ~ ~ e ~ f o P v a l i ~ d a t a ~ ~ f o r C L ; P  
analyses. Therefwe, the qadi@ wntroI mqnkmmts specified in the 
rrreihxh a 4  ~~ aecqtana criteria .were a h  d to evaluate the 
x m n a  data. The 1p"met:ers prmted on the following gage were 
evaluated. 



X . Chain of Custody Documentation 

Instrument Performance 

X fnitial and Continuing CaGbratians 

Laboratory and Field B h k  Analysis Results 

Matrix Sp&/Matrix Spike Duplicate Recoveries and Reproducibility 

Field Duplicate Andyeis Results 

T-abmatory Control sariple M b  

X Qualitative IdentifleaBon 

x Quantitation/IzepostingLjmits 

X - Denotes parameter evaluated. 

It is recommended that the data only be used according to the qualifiers 
presented, and discussed in this report. All other dab should be 
considered qualitatively and quantitatively valid as reported by the 
laboratory, b d  on the items wdmted. 

President &/d 

-AL DATA  QUA^. INC. 2 Q U A L ~ ~ ~ ~ M E M O R A N W M  /asm015 



DATA COMPLEEAlESS 

The data package was  complete. 

CHAflV OF CUSTODY D O C m A n O N  

The chain of mtody cbammtatim was complete. 

H0U)rnG 3 I M E S  

All criteria were met. No qmlifiers were applied. 

INSTRWENT PERFORMANCE 

All criteria were met. No qualifiers were applied. 

IIWtDUANDCO-G CADRAflcONS 

AU criteria were met. No qualifiers were appIied. 

LABORATORY AND FfEkD BLAhTK ANALYSIS RESULTS 

All dteria were met. No qualifiers were applied. 

SLfffROGATE C O M P O W S  

All criteria were met. No qualifiers were applied. 



The laboratory did not select a site sample ta perform matrix spike/ 
matrix spike duplicate d y s e s .  Thafbre, the associated sample data 
could not be evaluated based on these p;uam&ms. This should be noted 
when assessing the sanzple data, 

HEUJ DUPLICATE R E S W T S  

There was no field duplicate sample submitted with t1n;is SDG. 

LABORATORY CON'liROE, SAMPLE RESULTS 

All criteria were met. No qualifiers were applied. 

XNTERNAL STAND- PERFORMANCE 

All criteria were met. No qualifiers wen? applied. 

QLIALlTArn I D E m F I C A n O N  

Al3 triteria were met. No qdifims were applied. 



As required by USEPA protocol, all c~mpounds, which were qualitatively 
identified at concentsations below their respective Quantitaticm Limits 
(QLs), have been marked with "JN qualifiers to indicate that they are 
quantitative estimates, 



METHODOLOGY REFERENCES 

Analysis Reference 
P - - - - w " - P - & " . . P - M - ~  ,- 

Volatile Orgadc Compounds 

Semivolatile Organic Compounds 

Method 82mB, 'Test Methods k r  Evaluating Solid 
Wastes", SW846, third edition, Promulgated 

Updates XI, ILA, and H, June 1997 

Method 8270C, Test Methods for Evaluating Solid 
Wasted', SSW-846, third ed'ttion, Promuigated 

UjXlaies II, IiA, and m, June $997 

-At DATA QUALEI%', EXINC. 6 ~ A S U R A K E ~ ~ I  Gt14M5 



Table 1 Sampies For Data Validatjar Review 
SWMU 469, S W M U  423, SWMU 43, Clamp Lejeune (CTO-ZOO), Jacksonville, Noxth Cgnolina 
Shealy Environmental S d c e s ,  Inc. Sample Delivery Group CLl.QM§ 

SAMPLE LD* 
ANALYSES PERFORMED 

LABORATORY DATE MATIUX 
1.D COLLECTED VQA TOC 

SWMU3Mf.IS3e13 Ctl40154U3 12/13/2005 Soil X X 
~ ~ ~ ~ 3 6 0 - ~ ~ 1 6 1 8  ~14015-001 12/13/m M X 
W 3 6 1 2 ~ 3 - 3  GL140I5-005 12/13/2005 Soil X 
mVMU3&0-fs;X.14-16 GL14(115-006 32/13/20[)5 Soil X X 
S W M U ~ 1 5 M l - 3  GL14015-(Xn 12/13/2003 Soil X 
SWMU36o.ISaS-17-19 GL14015-002 12/13/2W Soil X 
SWMUW1"8121305 GL1401$.O(YJ 12/19/2005 Trip B h k  X 



Projert: SWMU 469, SWMU 423, SWMU 43, Camp Lejeune (CTO- 
100), Jacksonville, North Caroha 

hbofa&n"jc Shealy ~vironmental SM-C~S, hc. 
Sample Delivery Group: GL150fi4 
Fract3on: Organic 
lk2at1-k Aqueous 
Report Date: 3/9/2006 

This analytical quality assurance repart is b d  upon a review of 
analytical data generated for soil samples. The s~mp1e locatiofls, 
kboratory identification numbers, sample c011ettim dates, sample matrix, 
and d y s e s  performed are presented in Table 1, 

The smp1es were d y z e c l  for volatik organic compou~fds m d  total 
organic admrr, The sampLe analyses wereperfrmnd in acxor* with 
&e proeedw outlined in 'Test lvkkds for Evaluating SoEd Wastes", 
SW-846, third edition, Promulgated Updatw LI, ILA, d IH, Jtine 19%'. 

All sample analyses have undergone an analytical quality assurmce 
review to emmare aadherence to the requhd  p ~ f ~ o I s .  Results have been 
validated ur qualified according to general guidance provided in the 
Region IV m ~ c a t i o m  to "LdmakEry Daaa V&dation Fm&onal 
Guidelines for Validating Organic Analysest*, 'USWA 9/94, This 
document specifies procedmes for validating data generated for CL;P 
a d y s s .  2'hahre,  the quality control zwpimnents +ed in the 
methods ;znd associated acceptance criteria were also used ta evaluate &e 
no&W data. The parameters presented on tbe h~owing page were 
evaluated. 

-At DATA QUALlTY, a3C. 1 W ~ ~ C E  MEMOReUWUM / EL15Q6L 



X r DataCompieteness 

X r Chain of Custody 33xumentation 

X HoldingTimes 

Irritial and Continuing Caiibmtims 

Laboratory and Fieid Biank Analysis Results 

Surrogate Corn* Recoveries 

Matrix Spike/Mv~atrkS~ke Duplkate Rcoveties and Repmducmty 

FieM Dupliate h iy s i s  Results 

Laboratory Control !hnple Results 

Smdard p i ? r f ~ m  

Qualitative Identification 

x Quantitaw/ReportinRwts 

X - Denotes paranteter evaluated, 

It is r e c o m d e d  that the data only be used accarding to the qualifiers 
presented, and d i d  in this report. All 6th- data should be 
considered qualitatively and quantitatively valid as reported by the 
laboratory, b d  on the items evaluated. 

Date? 



DATA C O W L E W S S  

The data package was complete. 

CWAaV OF CtISTUDY L w c m A n O N  

The chain of custody documentation was complete. 

MOLDING ZTMEES 

All criteria were met. Mo qualifiers were applied. 

I 1 V s ~ P m O ~ C E  

All criteria were met. No qudifiers were applied. 

IlVRTAL AM3 CO-G CAE.BRATTONS 

All criteria were met. No qualifiers were applied. 

All criteria were met. No qdiflers were applied. 

SURROGATE C O M P O W S  

All criteria were met. No qualifiers were applied. 



MATRIX SPlKEMAI?UX:SPXKE DUPUCQTE RECOVERIES AND 
REPR0L)ucXB;Im 

A11 aiteria were met. No qualifiers were applied. 

FIELD DUPLICAlE RESULTS 

Duplicate samptes WTvIU3WB7-X7-19 and SWMU3IWTIS37-P-1-3were 
submitted to the laboratory to evaluate sampling and analytical precision 
for &use organic connpounds determined to be present. Results for these 
dupIicate s%wp1ef~ are presented in Table 2. Preei8ion is evaluated by 
calculating the relative percent dierenee ("ARPD) between duplicate pair 
results. There are no USE PA^^ acceptance crkrh fur field 
duplicate samples. EDQ uses internal acceptance criteria of twenty 
percent for volaae d&ected compounds fo evaluate field dupliatte 
mp1es. 

LABORATORY CONTROL Si+lMPLE RESULTS 

All criteria were met. No qualifiers were applied. 

INTERNAL STANDARD PERFORMANCE 

All miteria were met. No qualifiers were applied. 

QUAU'TAm IDmFIGQTfQN 

All criteria were met. Nu q u & k  were applied. 

As required by USEPA protocol, dl compoundsf which were qualitatively 
identified at concentrations below their respective Quantitation Limits 



(Qb), have been marked with "J" qualifiers to indicate that: they are 
quantitative estimates. 

V A L  DATA QUALITY, INC. 5 WALWrAssuRAN<IE-/GL15661 



ME?THODOLOGY REFERENCES 

Analysis Reference 
& 

V01atiZe Organic Clompaunds Method 826U3, '/Test Methods for Evaluating Solid 
Wastes", SWW1 ZhErd edition, Promulgated 

Updabs 11, f4Q, and Uf, June 1997 

Total Organic Carbon WaWy-Black 

DATA QUALITY, INc. 6 Q U W  ASURAWXMEMWUWDUM / GI.- 



Table 2 Samplee Far Data Validatian Review 
SWMU Wr S W U  423, SWMU 43, Camp Lejeune (CTQ-ZW), Jacksonville, North Carolina 
Shealy Environmental Services, Inc. Sample Delivery Gmup GL15064 

SAMX.E I.D. 
ANAL= PERFORMED 

L A B O r n R Y  DATB m m  
I .D COLLECED VOA TOC 

SWMU4a).EB1214a4 2 
W3@EB121405 B GL15064-010 E/14/2005 Equipment Blank X 
SWNN360-PB121405 CL150641X18 12/14/2005 Fieldblank X 

EiWMU~'W3-22-26 GL1-7 12/14/2#5 Groundwater X 
W36D-GW37--38-42 GL1- 12/14/2005 Groundwater X 
SNMUWGW41-22-26 G L l W 1 2  12/14/200j Groundwater X 
SWMUWGW42-22-26 G L l ~ O l t  121 14/2005 Groundwater X 

mJMU360-IS36.1-3 GL1506Q-0115 12/14/2ME Sail X 
SrYliVMUJ6(kISWrEF19. GL150SrUM6 12/14/2003 Sotl X 
SWMU360IS37-13 CX.1-1 12/14/XWX, Soil X 

sw~umx37.17-19 nixrtieow i z / i 4 / m  soil x 
SWMUSIS37-P--13 GL15064-OM 12/14/2005 50il X 
SWhrPU360-TB121~ Gt15064413 E/14/jlQD5 Trip Blank X 



Table 2 Pield Duplicate Sample Results for Organic Analyses 
Duplicate Samples SWMU360-W7-1-3 and SWMW360-IS37-P-1-3 

SWMUW-1537-1-3 SWhrN360-IS37-P-1-3 RPD Comments 

(P~K) (pg/L) 



Project; SWMU 469, SWMU 423, SWMU 43, Camp Lejeune (CTO- 
100), Jacksonville, North Carolina 

Laboratory: Shdy Environmental Services, he. 
Sample Delivery Gzuup: GL16009 
Fraction: Organic 
&tdx Aqueous 
Report Dak  3/8/2006 

This analytical @iIy assurance repast is based upon a review of 
analytical data generated for groundwater samp1es. The sample locations, 
laboratory identificatim n&s, sample cdIe&on dates, sample matrix, 
and analyses performed are presented in Table 1. 

TtEe samples were analyzed for volatile organic mmpounds, The sample: 
analyses were performed in accordance with the procedures outX.ined in 
'"Test Methods for E v a l e g  %lid Wa'des", =-8&5, third edition, 
Promulgated Updates fi, TIA, artd m, June 1997. 

All sample analyses have undergone an analytical q d t y  asmance 
review to ensure adherence to the required protocub. Results have been 
validated or qualified a ~ ~ t o  general jzpkbce provided in the 
Region N rn&rathm to "Labo~atory Data Vakkdion Functiod 
Guidelines for Validating Organic Analyses", U W A  9/94 This 
document specifies procedures for validating data generated for CLP 
analyses. 'lhmfme8 the quality mtro1 requirements specified in &e 
methods and associated acceptance criteria were dso wed to evaluate the 
nort-CLP data. The parameters presented on the following page were 
evaluated. 



X e Data Completeness 

X + Chah of Custody l3ommentation 

X e Holding Times 

X * InshumentPerformance 

X r Initial and Continuing calibrations 

X e Laboratury and FMd Blank Anaiysis Results 

X M a h k  Spike/Mah.ix S p h  Duplicate Recoveries and Reproducibility 

X r Laboratory Control Sample Results 

* Internal Standard Pe-e 

X m Quantitatim/Repa%ngLimits 

X - Denotes parameter evduated. 

It is rtxammaded that .the data anly be used according to the qualifiers 
presented, and d i d  in this report. All ather data should be 
considered qualitatively and quantitatively valid as reported by the 
laboratory, based on the items evaluated. 

-AL DATA QUALITY, lNC. 2 pUAUN#&WMNcE ~~ / GL16409 



DATA C O M P L E m S S  

The data package was complete. 

CHAXN OF CUSTODY DOC-AIZON 

The thaln of custody documentation was complete. 

HOLDING TIMES 

All criteria were met. No quraliflers were applied. 

nVSrrrZUMEN"rPERF0mCE 

A11 criteria were met- No q&ers were applied, 

rnrrrrtAL AND co-G CALXBRA130NS 

All criteria were met. No qualifiers were applied, 

LRB0Ri"lTORYAND FIELD B m  ANALYSZS RESULTS 

The positive acetone and 2-butmane results for the sample aret 
qualitatively invalid due to the presence of these compounds in associated 
laboratory method and/or fieid blanks. USEPA protocol reqrrires positive 
results for common cant-ts, such as acetoneI that are less than or 
equal to ten times the associated blank m n ~ t i c m  level, ta be 
considered qualitatively invalid. Replacing results that are less than the 
quantitation limit with the quantitation h i t  has indicated this, Results 
that are greater than the quantitation firnits are marked 'V. 

VAL WTA PIC. a QUALITY ASSURANB; ~i-m t G L I ~  



SURROGAW COMPOUNDS 

All alterla were met. No qualifiers were applied. 

MATRLX SPZXEiMiPIZZLX SPIKE DUPLICATE RECOIiERIES AND 

All criteria were met. No qualifiers were applied. 

FIELD DjUPtlCArZt RESULTS 

Duplicate samples 5 W m - a - 2 6  and SVVhW-P-22-26 
w e  submitted to the laboratory to evaluate sampling and analytical 
precision for those organic compounds d e t d e d  to be present. Rermlts 
for these duplicate saznp1es are pnsentied in Table 2. Pi.edsion is 
evaluated by dculahg the relative percent difference (%RPD) between 
duplicate pair resultsts There are no US]EPA-esb&hed aaeptmce criteria 
for fidd duplicate samples. EDQ uses internal acceptance miteria of 
tw- percent for valatile debxkd compounds (and 25 percent far 
extractable compunds) to evaluate Geld duplicate samples, 

All criteria were met. No quaIifierr; were applied. 

Z N l 3 3 W A t S T A N I ) m  P ~ O ~ C E  

All criteria were met, No qualifiers were applied. 

Q 1 - L Q L F T A r n L D ~ I C A T I O N  

All criteria were met. No qualifiers were applied. 

V A L  DATA W-. PIC, 4 W - v - I C L 1 6 0 0 9  



As required by USEPA protocol, all compounds, which were quditativefy 
identified at eoncentratiom bebw their respective @antitation Wts 
(QLs), have been marked with '*r qualifiers to indicate that they are 
quantitative estimates. 

&WIRONMENTAL DATA Q U W ,  INC 3 P U m -  MEMORANWM / cAx.l60[8 



fMEIINODOLQGY REFERENCES 

Volatile Organic Compounds Methad 8260B, "Test Methods for Evaluating Solid 
Wastes", SW-846, third edition, Promulgated 

Updates lI, TIA, and 111, June 1997 

Semivolatile Organic Compounds Method 8270C, "Test Methods for Evaltlating Solid 
Wastes", SW-846, third edition, Promulgated 

Updates Xi, ILA, and m, June f 997 

ENVDONMENTAL DATA QUAJXY, WWC. 



Table 1 Sample For Data Validation Review 
5 W U  468, SWMU 423, SWMU 43, Camp Lejeune (CTO-1001, jacksanville, North Carolina 
Shealy Environmental Services, Inc. Sample Delivery Group G L 1 W  

ANALYSES PEXFORlMED 
$A!&-LE i.B. LABORATORY DATE MATRIX 

f.D COLLECTED VOA 

Equipment Blank 
Groundwater 
Groundwater 
Groundwater 
Groundwater 
Groundwater 
Groundwater 

Groundwater 
Croundwata 

Trip Blank 



Table 2 Field Duplicate Sample &sdb for Organic Analyses 
Duplicate Samples W360CW3822-26 and SWMU360-GW38-P-22-3 

Comments 

Acetone 
as-1 f Uichtofoethens 

Ethylb@merle 
Toluene 

TrlcNomthena 



Project: SWPclZT 469, SWMU 423, SWMU 43, Camp Lejeune (CTO- 
loo), Jacksonville, Nu* Carolina 

Laboratory: Shealy Environmental Services, hc, 
Sample Delivery Group: HA20024 
Fraction: Organic 
Mat& Aqueous 
Report Date 3/8/2006 

This analytical quality assurance report is based upon a review of 
analytical data generated fog p r n d m e  mp1es. The sample lacati~ns, 
laboratory identification n-m, sample collection &tes, sample matsix, 
and analyses performed are presented in Table 1. 

The Sarnp1e~ dyZRd for VQ~GE! -C m p ~ u n d s .  'Ihe v k  
d y s e s  were perfow in acadmce 4th the procedures m t M  in 
"Test Methods fbr EvdwAng Solid Wa&es", SWW, third edition, 
~ u f g - a t d  Updates H, If.& d Elf Jane 19971 

All sample analyses have undergone an analytical quality assurance 
review to emme a-ce to required prubeub. Resdfs bye  been 
validated or qualified acmrdhg to g e n d  g u i d m  prwided in the 
Regiun IV mdc8tiom to "Lshratc,ry Data Vatidatian F e d  
Gdd- fur Validating Organic: Analyses", ZJfEPA 9/94. Thik; 
document specifies procedures for validating data gemsated fw CLP 
anatyses. Therefore, the quality control requhmmts spciB33d in the 
methods and kx%wiated acx3epframx criteria were &SO used to evaluate 
nan-CLP data. The parameter% presented on "the fo11owhg page were 
evaluated. 



X m Data Completeness 

€hain of Custody Documentation 

Holding Times 

Instrument. Performance 

Initial and catinuing Calibrztti~ns 

Laboratory and Field Blank Analysis Results 

Matrix Spike/Matrix Spike Duplicate Recoveries and Reproducibility 

X r Field Duplicate Analysis Results 

Laboratory Control Sample Results 

Internal Standard Performance 

Qualitative Identification 

X r Quantitath/Repa%ngLimits 

X - Denotes parameter evafuated. 

It is recommended that the data only be used according to the qualifiers 
presented, and discussed in this report. All other data should be 
considered qualitatively and quantitatively valid as reported by the 
laboratory, based on the items evaluated. 

Date 

-AL DATA q U A W ,  EW. 2 Q U A W  A S W R W C E M E M W  / tiMCiX4 



DATA CQWL-SS 

The data package was complete. 

CHAIN OF CWSTQDY DOCUMENTAZ7ON 

The chain of custody doamentation was complete. 

HOLDrnG T m E S  

All criteria were met. No qudifiers were applied. 

l l V S Z I Z m  PERFOEdWANCE 

All criteria were met, No qualifiers were applied. 

I l W l X A L W  CO-G CALXBRATIONS 

All criteria were met. No qualifiers were applied. 

LABORArnRYrn mu? BLANKANALYSIS RESULE 

All criteria were met. Na qualifiers were applied. 

SURROGATE COMPOUNDS 

All criteria were met. No qualifiers were applied. 

-At DATA WAUTl, htc. 3 Q U L U r r Y E S W L W C B ~ U M I ~ 4  



h&lTRIX SPII(E/mTRIX SPIKE DUPLICATE RECOfrERltES AND 
REPRODUCIBILfTY 

All criteria were met. No qualifiers were applied. 

FIELD DUPWCATE RESULTS 

Duplicate sample pairs S V V M U 3 6 W 1 0  and SWMU360-MWIO-P, and 
1817-MWOI and 1817-MWU1-P were submitted to the laboratory to 
evaluate sampling and analytical precision for those organic compounds 
determined to be present. Results for these duplicate samples are 
presented in Tables 2 and 3. Precision is evaluated by calcufating the 
relative percent difference (%oRPD) between duplicate pair results. There 
are no USEPA-established acceptance criteria for field duplicate samples. 
EDQ uses internal acceptance criteria of twenty percent for volatile 
detected compounds (and 25 percent for extractable compounds) to 
evaluate field duplicate samples. 

LABORATORY CONTROL SAMPLE RESULTS 

All criteria were met. No qualifiers were applied. 

INTERNAL STANDARD PERFORMANCE 

All criteria were met. No qualifiers were applied. 

QUALEAlTVE WENTIFICAIION 

All criteria were met. No qualifiers were applied. 



The- following samples were analyzed at dilutions. The dflut-ion analyses 
were performed because of the suspected presence of high ieve1s of target 
compomds and/or interferences. Quatitation limits are elevated by the 
dilution factor for these sanrp1es for target compounds that were not 
detected. The elevated quantitation Emits should be noted when 
assessing the data for these samples. 

Sample Dilution Factor 

As required by USEPA protocol, d compounds, which were qualitatively 
identified at concentrations WOW their respedive Quantitatim Wts 
(QLs), have been marked with "J" qualifiers to indicate that they are 
quantitative estimates, 



METHODOLOGY REFERENCES 

Analysis Reference - -- "-- 
Volatile Organic Campounds Method 8260B, "Test Methods for Evaluating Solid 

Wastes", SW-846, third edition, Promulgated 
Updates 11, IIA, and IXI, June 1997 

EWIRONMENTAL DATA QUAUTlc, EC 6 



Table 1 Samples For Data Validation R w i w  
SWMU 469, SWMU 423, SWMU 43, Camp Lejeune (CTO-ZOO), J a h V j I 1 %  ~ o r t h  Camlina 
Shealy Envimnmentat Services, inc. Ssunpfsr Delivery Gmup HA20024 

1817-MW01 
1817-W01-P 

lR78-GW39-0hA 
SW3&E3011806 
SWMU36O-EE4Of 1% 
SWMU36O-FB011806 

SWMU360-MWOl 
swMu36a"m01IW 

SWMU3aMWO2 
SWMU360-MWm 
m 3 6 Q - w m  

swMu~MW031W 
swMumMW04 
S W 3 6 i b M W 0 5  
S W M U 3 6 0 . ~ 0 6  
s!4%fU360-MWW 
SWNU360-Mwm 
w 3 6 0 . N W m  

SWMU360-MrN091W 
sw360-MW10 
SWMLT360-WlMW 
! 5 ~ 3 6 0 - M w l O - P  
SWMU360-MW11 
SWMU360-W12 

Trip Blanks 

LABORATORY 
1.D 

ANALYSES PERFORMED 
MTE MATKIX 

COLLECTED VQA 

Gmdwater 
Grouradwater 
Gmdwater 

Equipment Hank 
Eqtlipmt Blank 

Field Blank 
Groundwater 
Gmundwatm 
Groundwater 
Cmundwakr 
Groundwater 
Gtnundwater 
Groundwater 
Groundwater 
Groundwater 
Gwdwater 
Gmdwater 
Groundwater 
Gmundwt~r 
Gmdwater 
Gmundwater 
Cmundwatet. 
Groundwater 
Groundwater 
Groundwater 



Table 2 FieM Duplicate Sample Results for Organic Analyses 
Duplicate ?hples StVMU3WWlQ and mVMU36o.MW10-P 

m Comments 



Table 3 Field Duplicate Sample Results far Qrganic Analyses 
Duplicate Samples 1817-MW01 and 1817-WO1-P 
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